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F^mOE LIST. 

^ Troy, July i, 1878. 

VP All prices in this work are in U. S. Currency. State what edition of Mannal 

when ordering goods; also give Catalogue Number. 

lo 

? SOLAR COMPASS. 

(V^ No. Price. 

.1.— Solar CompasB,' with^aajastiiig socket and leveling head tripod $210 00 

fj 2.— Micrometer Telescope, 16 to 20 inches long, with rack moyement to object 
I glass and movable clips to attach to compass sights 25 OG 

-^ PATENT SOLAR ATTACHMENT, FOR TRANSITS. 

O 8.-.Patent Solar Attachment $60 00 

^ 4. — Vertical Arc. on Silver, with Vernier, movable by tangent screw, reading 

to 30 Seconds. '. 18 00 

This Solar Attachment can be applied to any Transit, having Level on Telescope 
clamp and tangent, and the vertical Aro with tangent to Vernier as de- 
scribed above. To parties having the ordinary vertical circle to l' on 
Transits made by ns, we allow $5 00 for the old circle, and famish the 
vertical Aic No. 4 for 13 00 



COMPASSES. 

5.— Plain, with Jacob Staff mountings, 4 inch needle, and out-keeper $S5 00 

6.— do do do 6 do " 80 00 

7.— do do do 6 do " 85 00 

9.— Vernier, do do 4 do " 30 00 

10.— do do do 5 do '* 85 00 

11.— do do do 6 do " 40 00 



^ 14.— Bailroad, do do single yemier to limb, 5( inch needle 60 00 

}^ 15.— do do do doable do 5 do .... 70 00 
^ 16.— do do do do do 5^ do 75 00 

EXTRAS. 

IT— 9-inch telescope, attachable to any compass-sight $12 00 

C 18.— Same length telescope, but with higher power 17 00 

19. — Same telescope as 18, but with micrometer wires 20 00 

:S0.— Compass tripod, with cherry legs ,. 7 00 

21.— do do do Jointed for Mining Engineering 12 00 

S2.— do do leveling screws and clamp and tangent movements.. 17 00 

23. — do mountings without legs 7 00 

34.— Compound tangent ball 6 00 

25- — ^Adjusting socket 4 00 

26 — Jacob Staff mountings, brass head 2 60 

2X-^ cto do steel point 60 

28.— BraM cover for compass glass 1 00 

W-^Oiit keeper ^ .-L. lOO 

S»i.-Jaoob Staff; with steel point j[. f?, fyr\f\f\ 1 60 
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POCKET COMPASSES. 

No. Price. 

30.— With foldlug Bightaf2^ inch needle, very Bcrviceable for tracing lines 

once surveyed |S 00 

SI.-— With folding sights, 2]^ inch needle, with Jacob staff mountings 10 00 

32.— ♦« «« ** 3J «• " " " 12 00 

83 — ** " " 3J ** " " '• and two levels 13 50 

34. — " «« " 8^ " without mountings or levels 10-00 

H5. — Veruier pocket compass, with staff mountings, two levels, and 3^ inch needle. 16 GO 
35}.- •' •• •• " •* *' and 4^ inch needle. 18 00 

3.>f-.Bailroad Pocket Compass, folding sights, staff mountizrgs,and 3^ inch needle S3 00 

36.— Tripod for Pocket Compass extra 6 00 

8?.— " •' •• ** with leveling head 13 00 

Pocket compasses without sights, See Supplement. 

MINER'S COMPASSES. 

HINEB'S COMPASS OB DIFPIHa NEEDLE FOK TK&CDia IBON OBE. 

• 

40.— Glass on both sides. Wood Box, Stop to Needle. See Engraving $12 00 

41.— " ♦« BrassCovers. ** ** 12 00 

42.— " one side,- " " " ** See Engraving 12 00 

(Above Compasses Kos. 40, 41, and 42, without stop to Needle 10 00 

MINER'S COMPASS, "NORWEGIAN NEEDLE." 

NEW AND BEAUTIFUL ARTICLE. 

43. — ^Miner's Compass, *' Norwegian Needle," Olass both sides, Brass Covers, 

3 inch Needle. See Engraving $12 00 

44. — i inch " '* " ** " " " " " •« " 16 00 

TRANSITS. 

47.— Vernier, plain telescope*, 4 inch needle, with compass tripod $70 00 

6 do do do 70 00 

6 do do do 75 00 

4 inch single vernier to limb, leveling tripod.. 110 00 

6 do do do do . . 115 00 

6^ do do do do .. 115 00 

4 inch double vernier to limb, do ,. 125 OD 

6 do do do do .. 130 00 

6^ do do . do do' .. 1.30 00 

4 inch double veruier to limb, do .. 145 00 

4^ do do do do .. 150 00 

6 do do do do .. 150 00 

6 inch, with theodolite axis 135 00 

64 . —Light Mountain 4 inch double veruier to limb, and patent exten- 
sion tripod 150 00 

64^.- do do 4 inch double vernier to limb, with level, verti- 

oal arc, clamp, and tangent to axis of telescope, and solar attachment 

complete 243 (^1 

64a.~Light reconnoisBance, 8i-inch needle, one vernier to limb, variation 

plate and patent extension tripod 00 00 

* A ** plain " telescope is one without any of the attachments or extras, as we 

term them, such as the clamn and tamrent. vertical circlo and level. 



48.— do 


do 


49.— do 


do 


60.— Surveyors' 


do 


62.—. do 


do 


63.— do 


do 


64.— do 


do 


66.— do 


do 


67.— do 


do 


60.— Engineers' 


do 


61.— do 


do 


62.— do 


do 


63.— do 


do 
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EXTRAS TO TRANSITS. 

No. Price. 

65.— Flnmmet Lamp for Mining Engineering, hung in gimbalB $10 00 

66.— Diagonal Bye-piece 8 00 

66^.— Reflectors for Transit Telescope 4 00 

67.— Vertical circle, 8\-inch diameter^divided on silver, yemler reading to 

fiveminutes ^... 8 00 

68.— Vertical circle, 4f-inch diameter, dlTlded on silver, reading to single 

minutes 12 00 

68i.— Vertical Arc, 6-inch diameter, divided on silver, with vernier, movable 

by tangent screw, reading to 80 seconds. See No. 4 18 00 

69.— Clamp and tangent movement to axis of telescope 6 00 

69i.—Gradienter, combined with damp and tangent '. 18 00 

70.— Level on telescope, with ground babble and scale 18 00 

71.— Rack and pinion movement to eye-glass 6 00 

7S.— Sights on telescope, with folding joints 8 00 

78.— Sights on standards at right angles to telescope 8 00 

78^.— Detachable telescope on end of axis, for vertical sights, with counter- 
poise 26 00 

78(1.— Graduations of limb on solid silver 10 00 

786.— " " toa0"or80" 10 00 

78c— " " tolO" 8000 

78<f.— Graduations on 4H-inch vertical circle to 20" or 80^' 5 00 

74.— New Extension Tripod, to be used with any instrument ^ztra 5 00 

LEVELING INSTRUMENTS. 

75.— Sixteen-inch telescope, with leveling tripod $110 00 

76.— Eighteen «* «* " 110 00 

77.— Twenty " " «• 110 00 

78.— Twenty-two " " " 115 00 

79.— Fifleen-inoh Y level, with leveling tripod, new pattern 90 00 

80.— Architect's Level. '* *' " 36 00 

81.— Tripod for Architect's Level 5 00 

Platte Tables of all styles to order $/fO,00 to $300,00, each, 

HAND LEVELS. 

85.~Locke'fl Hand Level, nickel-plated. (See Nos. 1075 and 1076) IQ 00 

86. do do do brass do do do ... 10 00 

87.— Pendulum Level for Hand. Tripod or Staflf 13 CO 

LEVELING RODS, &o. 

90.— Philadelphia Bod tl6 00 

91.— Yankee or Boston W 00 

92. — ^New York, with improved mountings 18 00 

98. — Mountings for New York rod, target 5 50 

©4.-^ " •' " clamp 2 50 

06.— Simple Bod with Target, reading to l,000ths of a foot rod either 8 or 10 feet 

long 6 00 
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FLAG STAFFS. 

M.— feet long, with steel poiuted shoe, and divided off in feet, which are 

painted red and white, alternately $2 60 

97. — 8 feet long, with steel pointed shoe, and dlrided off in feet, which are 

painted red and white, alternately 3 73 

98.— 10 feet long, with steel pointed shoe, and divided off in feet, which are 

painted redand white, alternately....* 3 00 

99 — Odometer for counting the revolutions of a wheel, Jtc 16 00 

ANEROID BAROMETERS. 

for ascertaining heights, differences of level and meteorological changes, approach of 

storms, &c. 

These instruments as now made are nearly as portable as an ordinary watch, and yet 
are fully as accurate as the larger sizes. They are of very great service to the 
engineer and tourist, as well as to the scientific observer, and are rapidly coming into 
general use. 

The ordinary styles indicate altitudes to 8,000 feet, and can be furnished, reading 
aa high as 18,000 and 20,000 feet. 

They ai*e all inclosed in neat morocco cases, and are accompanied by a liand-book 
of instructions. 

CHAINS. 

lao.— 100 feet, with oval rings. No. 5 refined iron wire * |10 00 

121.— '• •' •' 6 •* " 7 50 

122.— 60feet, " " 6 " '• 5 50 

123— 50feet, " " 6 •• «' 4 35 

124.— 66feet, " " 8 •• " 4 00 

125.— 83feet, •• " 8 " " 2 60 

126.— 66 feet, " " 10 *• " 8 60 

127.— 33feet, •' " 10 " " 2 25 

130.— 100 feet, •* «* 8 best steel wire 10 00 

131.— 100 feet, «* " 10 ", «* 8 60 

132.— 60feet, " " 8 «' ** 5 50 

133.— SOfeet, " " 10 " •• 4 75 

134.— 66feet, " " 8 " " 9 00 

135.— 66feet, " " 10 " " 7 00^ 

136.— 33feet, " •* 8 " " 5 00 

137.— 33feet, " *' 10 " " 4 00 

138,-100 feet, brazed links and rings. No. 12 best steel wire, tempered 11 50 

139.— eofeet, " " 12 " 6 00 

140.— 66 feet, • *' " 12 " 10 00 

141.-33feet. " " 12 " 6 50 

SPANISH OR MEXICAN VARA CHAINS. 

FOB USE IN TEXAS, MEXICO, SOUTH AMERICA, AND CUBA. 

145._10 varas, 60 links, No. 10 refined iron wire, f2 25 

146.— 20 Do. 100 do. No. 10 do. do 8 60 

147.-10 Do. 60 do. No. 8 do. do 8 60 

148.— 26 Do. 100 do. No. 8 do. do 4 00 
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SPANISH OR MBXICAN VARA CHAINS.— Con«n««l. 

No. ^»^ 

14».— 10 Taras, 60 links, No. 10 heat steel wire $4 00 

150.— 20 Do. 100 do. No.10 do. do 7 00 

151.-10 Do. 60 do. No. 8 do. do 5 00 

152.— 20 Do. 100 do. No. 8 do. do 00 

168.— 10 Do. Brued links and rings No. 12 steel wire, tempered 6 60 

164.— 20 Do. do. do. No. 12 do. do 10 00 

The price of Vara chains of 40 and 80 links, is the same as that of 60 and 100 links. 
166.— Metre chains made to order at the same price, as corresponding length 

American chains ..1 

166.— Pennsylvania chains of 2 and 4 poles with 40 and 80 links, same price as 

chains of 60 and 100 links ••• 

Steel Snapa to make any of above " Half Chains,*' no extra charge. 

GRUMMAN PATENT CHAINS. 

Drag ChaiM* 

160.— 66 feet. No. 15 tempered steel wire, 100 Unks, weight l>i lbs, $9 00 

With 10 extra links. 

161.— 33Do. 15 do. 60 do. K 5 00 

With 6 extra links. 

162.— 100 Do. 15 do. 200 do. 2 lbs 1160 

With 15 extra links. 

163.— 60 Do. 15' do. 100 do. lib 6 00 

With 10 extra links. 

164.— 33 feet. No, 12 wire, 6 taUles, with 6 extra links, IJg lbs, 5 60 

165.— 60 " " 10 " 10 ". 3 •' 1000 

166.— 60 •« " 6 •' 6 " 2)^'* 600 

167.— 100 " " 10 " 10 " 4>^ •* 1160 

108.— 60 feet. No. 18 tempered steel wire, 100 links, wlthattachmente of spring- 
balance, level, and thermometer, for very accurate measuremento ; 

weight%lb 1500 

169. — Set of 10 Marking Pins, very light, with leather case 2 00 

170.— Brass Plummet, to use with light chain 2 00 

I71._-Lead " " " " 160 

172. — Spring-balance to use vrith cither of above chains 2 00 

MARKING PINS. 

175.— Set of 11 Pins, Iron wire, No. 4 $1 60 

176.-1 " " steel wire. No. 6 2 00 

177.__ *« " brass wire. No. 4 3 00 

178. — '* " steel wire, loaded 3 00 

CHESTERMAN'S METALLIC TAPE MEASURES. 

Those tapes are made of linen thread, interwoven with fine brass wire, not 
so liable tostretob as the usual linen tepe, and better calculated to with- 
stand the eftet 9f moisture. They are in substantial leather cases. 
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OBESTEBMAN'S HETALUO TAPE MEASURES.— CoiUimMiil. 

Ho. Price. 

180.— Metellie ^pe Measore, 24 feet long, in lOChs or 12fh8, each, $3 00 

181. Bo. do. 88 do. do, , do. do 335 

182. Do. do. 60 do. do. do. do. 8 00 

183, Do. do. 66 do. do. do. do ^30 

184, Do. do. 75 do. do. do. do. 375 

186. Do. do. 80 do. do. do. do. 4 OO 

186. Do. do. 100 do. do. do. do 4 15 



CHESTERMAN'S METALLIC TAPES WITHOUT BOXES. 

187.— 431iesterm«ii'B Metallic Tapes, without box, 50 feet, lOths or 12th0 $1 75 

188. Do. do. do. 66 do. 2 S5 

180. Do. do, do. 100 do. 8 25 



CHESTERMAN'S STEEL TAPE MEASURES. 

Bteti Tape Measures; all steel, to wind up in a box, same as linen measiiMfl, 
the most accurate, durable and portable measures. 

191.— Steel Tape Measure, 10 i^et long, in lOths or 12ths, in Qerman SUrer 

case, each, ^ gO 

192.— 48teel Tape Measure, 10 feet long, tape divided on one side to 12ths, and 

• on the other to centimetres and, milimetres, , 375 

193.— Steel Tape Measure, 25 feet long, in 10th or 12ih8, each, 5 75 

194. Do. do. 33 do. do. do. do. 6 S5 

195. Do. do. 40 do. do. do. do 7 00 

196. Do. do. 60 do. do. do. do 8 50 

197. Do. do. 66 do. do. do. do 11 00 

198. Do. do. 76 do. do. do. do 12 60 

199. Do. do. 100 do. ' do. do. do 16 00 



CHESTERMAN'S STEEL POCKET TAPE MEASURES. 

200.— Chesterman's steel pocket tapes, in German silver cases, with spring and 

stop. Tapes divided in lOths or 12th8 of feet, 3 feet long, $1 75 

201. do, do. do. 4 do. « 00 

202. do. do. do. 6 do *^ 

208. do. do. do. 6 do ^W 

These Pocket Tapes, with divisions to centimeters and millimetera on the 
other side, 26 cents per tape higher. 
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PAIHE'S PATENT STANDARD STEEL TAPES. 



201). — aiandud Stssl TkpM. In Jupauutd d 



PAIHE'S PATENT STANDARD STEEL TAPES. 

□I LZATH£K GASES. FLUSH HANDLES. 



313.— au^ Tip* Ifcunrs, 33 feet long, lOthi, < 



EXTRAS TO PAIHE'S PATENT STANDARD STEEL TAPES. 

31T. — auiillw, uritli gndnited Made, per p«lr, ,. $3 00 

al8. — P«ket TlienDonielen 1 flO 

319. — B^ii'lDg Biliuco iDd Lerel t at 



SPECIAL NOTICE. 



Many of our smaller instrwmervts, such as pochet 
compasses, chains, tapes, small packages of paper 
and parts of large instruments, can be sent by mail 
securely packed, and at much lower rates than are 
charged by express companies. 

In all cases where goods are to be sent by mail, 
the cash for postage as well as for the goods must 
accom^pany the order. All articles forwarded by 
mail are at purchaser's rish. 

Price List of all our Drawing Instrum^ents, 
Drawing Materials, and Books — a fully lUus^ 
trated Catalogue of one hundred pages — sent to 
any address, postpaid, on receipt often cents. 

Samples of drawing paper , tracing paper , tracing 
cloth, and profile and, cross-section papers sent with 
prices on application. 

For the convenience of our customers, ive will 
furnish any articles not on our list, but described 
in the catalogue of any American manufacturer or 
dealer in m^athem^atical or optical instruments, at 
catalogue prices. 



Information to Purchasers. 



>•• » 



Instruments Wanted.— Id regard to the best kind of instruments fbi 
particular .purposes, we would here say, that wliere only common sar* 
reying, or the bearing of lines in the surveys for county maps is required, 
a plain compass is all that is necessary. In cases where the variation 
of the needle is to be allowed, as in retracing the lines of an old survey, 
&c., the vernier compass or the vernier transit is required. 

Where, in addition to the variation of the needle, horizontal angles 
are to be taken, and hi cases of local attraction,, the railroad compass is 
preferable; and for a mixed practice of surveying and engineering, we 
consider the surveyor's transit superior to any instrument made by ni 
or any other manufacturers. 

In the surveys of IT. S. public lands, the county and township lines 
are required to be run by such instmmentB as the. solar compass and solar 
transit. 

Where engineering is the exclusive design, the engineer's transit and 
the leveling instrument are of course indispensable. 

Warranty. — All our instruments are examined and tested by ns in 
person, and are sent to the purchaser adjusted and ready for immediate 
use. 

They are warranted correct in all their parts — ^we agreeing in the event 
r>f any defect appearing after reasonable use, to repair or replace with a 
ni;w and perfect instrument, promptly and at our own cost, express 
charges included, or we will refund the money and the express charges 
paid by the customer. 

Instances may sometimes occur, in a business as large and widoly 
extended as ours, where, owing to careless transportation, or to defects 
escaping the closest scrutiny of the maker, instruments may reach our 
customers in bad condition. We consider the retention of such instru- 
ments in all cases an ii^lury very much greater to us than to the pur* 
shuser himself. 
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* 
Tbial of In81£uhent8. — It may often happen that this statement of 

tb^ prices and quality of our instruments may come into the hands of 

those who are entirely unacquainted with us, or with the quality of our 

work, and who therefore feel unwilling to make a final purchase of an 

article, of the excellence of which they are not perfectly assured. 

To such we make the following proposition: We will send the instrn* 
ment to the express station nearest the person giving the order, and 
direct the express agent, on delivery of the same, to collect our bill, 
together with charges of transportation, and hold the money on deposit 
until the purchaser shall have had,say two weeks,actual trial of its quality 

If not found as represented, he may return the instrument before the 
expiration of that time, and receive the money paid, in full, including 
express charges, and direct the instrument to be returned to us. 

ExTEHT or ouB BUSINESS. — The manufacture of surveying instruments 
has been conducted by us over thirty years, aud thousands of our instru- 
ments have been distributed to customers in all parts of the United States 
And Ganadas; in Cuba, South America, Sandwich Islands, and Japan. 

Our facilities for manufacturing, which for many years have b^en far 
superior to those of any other similar establishment, we have now (1878 ) 
greatly increased by the introduction of new machinery and tools of the 
most improved construction. Our manufactory has been re-built of 
nearly three times its former size, and we are better prepared than ever 
before to fill orders for any of our instruments with promptness and satis« 
faction. 

Low Prices of oub Instruments. — It is often urged by other makers, 
and persons prejudiced in their favor, that it is impossible to make first 
rate instruments at the prices charged by us, and which are so very far 
below those of other skillful manufacturers. 

Wo have only to reply, in addition to what we have stated in our war- 
ranty, that a visit to our works, and a comparison of our facilities, with 
those of our competitors, would dispel all questions as to our ability to 
surpass them, not only in the cheapness, but also in the superior quality 
of our work. 

Packino, &o. — Each instrument is packed in a well finished mahogany 
or black walnut case, funiished with lock and key and brass hooks, and 
leather strap for convenience in caiTying. Each case is provided with 
screw drivers, adjusting pin, and wrench for centre pin, and, if accompanied 
by a tripod, with a brass plumb-bob ; with all instruments for taking angles, 
without the needle, a reading microscope is also furnished. 
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Unless the purchaser is already supplied, each instrument is accoin 
nied by our '' Manual/' giving fUU instructions for such adjustments and 
repairs as are possible to one not provided with the facilities of an instru- 
ment maker. 

TThen sent to the purchaser, the mahogany cases are carefully enclosed 
Iq outside packing boxes, of pine, made a little larger on all sides to 
allow the introduction of elastic material, and so effectually are our instru- 
ments protected by these precautions^ that of several thousand sent out 
by us during the last thirty years, in all seasons, by every mode of 
transportation, and to all parts of the Union and the Ganadas, not more 
than three or four have sustained any serious ii^ury. 

Means oy Tbanspoetatioh. — Instruments can be sent by express to 
almost every town in the United States and Canadas, regular agents 
being located at all the more important points, by whom they are for- 
warded to smaller places by stage. The charges of transportation from 
Troy to the purchaser are in all cases to be borne by him, we guaran- 
teeing the safe arrival of our instruments to the extent of express trans- 
portation, and holding the express companies responsible to us for all 
kwses or damages on the way. 

flvisB OF Instruments. — Customers ordering instraments, will do ui ft 
favor by mentioning whether they prefer them of bright, or bronie finish^ 
the cost being the same in either case. 

If no direction is given, we usually send inetrnmenta of bronze finish. 

Terms of Patment are uniformly cash, and we have but one price^ 
whether ordered in person or by mail. Our terms are as low as we think 
instruments of equal quality can be made, and will not be varied from the 
list given on the previous pages. 

Remittances may be made by a draft, payable to our order at Troy^ 
Albany, New York, Boston or Philadelphia, which can be procured from 
banks or bankers in almost all the larger villages, or by post office money 
order. 

These may be sent by mail with the order for the instrument, and if 
lost or stolen on the route, can be replaced by a duplicate draft, obtained 
as before, and without additional cost. 

The customer may also send the money in advance through the express 
agent, or as is most common, may pay the agent on receipt of the instm* 
mont in funds current in New York or Boston. 

The eost of returning the money on bills oollectei by expreif of amounti 
•nder $20, will be charged to the customer. 
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RBPAIR OF INSTRUMENTS. 



Hundreds of instraments of oar own and others' make, come to ns evevy 
^ear for refitting and repairs, and so mnch oorrespondenee arises therofrom, 
that we are led to believe that a brief statement in this place, of the cost 
cBT repairs, Ac, will be of service to oar customers and ourselves. 

Most instruments sent tons for repairs are injured by falls; many art 
worn and defective in parts after long use; and others are sent for repolish- 
ing and renovation. 

We advise our customers having instruments in need of repairs, fto., to 
■end them immediately to us, as our facilities enable us to do the work 
much more economically and promptly than any other maker however ae- 
eessible. 

They should always, when practicable, be placed in their own boxes, and 
these inclosed in an outside packing case, an inch larger in all its dimen- 
sions, that the interval between the two may be filled with paper wadding, 
hay or fine shavings. 

A note specifying the repairs needed, should accompany the instrument, 
and a letter should also be sent by mail to us, giving not only directions as 
to the repairs, but also stating when the return of the instrument is re- 
quired, and the precise location to which it should be forwarded. It should 
also be remembered that each instrument is made to fit its own spindle and 
no other; and therefore this part with the parallel plates and leveling 
■crews, if it has any, should always be sent with it. 

The legs and brass head in which they are inserted need never be senty 
unless themselves in need of repairs. 

Compasses. — These come to us with the plates sprung, the sights bent 
or broken, the glass or level vials fractured, and the pivot so dulled as to 
render the needle sluggish and unreliable. The cost of repairing the de- 
fects above named, ranges ttom $3 to $8 or $10. A new pair of sights fitted costs 
$5; a new needle, with Jeweled centre and pivot complete, $2.60; a new Jeweled 
centre, $1.60. 

The compass should always be accompanied by the ball ipindle, and if a 
sew ball spindle is required, the whole instrument, or at least the socket in 
which the spindle fits, should be sent with the letter of advice to ns ; a new 
ball spindle costs $1.50. 

Transit Instruments. — The repairs of the Vernier Transits cost about 
Iho same as those of the compasses above stated. 

The injuries sustained by the falls of Engineers' and Surveyors' Transits 
*ro nsually much more serious; in these the plates, standards and cross- 
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bar of telescope are often bent, and the socketfl or eentres usually 80de< 
ranged as to be entirely useless. 

Tbe cost of repairing an instrument witb snoh injuries, ranges from 10 

to 30 or eren 50 dollars, the new sockets alone costing from 15 to 20 dollars* 

Lbtelino Ikstrumevts are generally much less injured by falling than 

Transits, the damages being included usually in the bending of the cross* 

bar, the springing of the sockets, and the breaking of the level vial. 

The cost of repairs yaries from 5 to 15 dollars; a new level vial set in the 
tabe costs two dollars. 

Ra-P0Li8HiNO Instbumsnts. — The cost of re-polishing an instrument, 
inyolving also of course its complete renovation and adjustment, varies with 
the different kinds, but may be stated generally as follows : 

Compasses, from ••.... $5 to $10. 

Transits do 15 to 20. 

Levels do 12 to 15. 

No additional charge is made for broniing or blackening an instrument 
when re -polished. 

Patxbkt of Rbpaibs, Ac, may be made at the express office where 
tho instrument is received, the customer paying for the first transportation 
•f the instruments to us or not as he may prefer. Whenever the freight if 
jftad in advance, the express receipt should be mailed immediately to us. 

W. A L. E. aURLET, 
Mathematical Instrument Makere, 
Jhr&toii St., orPOtiTs Norts Evd ov Uvia« &. R. Dbpov. TBOY9 N. T. 
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PREFACE 

TO THE TWBNTY-THIRD BDITION. 



'Wb herewith present the Engineers and Surveyors of the 
Union, this new edition of our little work, materially en* 
larged, and, as we trust, improved. 

We are now much better furnished with £EK;ilities of all 
kinds to prosecute with enlarged success the business which 
we have conducted over thirty years. 

It is with the hope, therefore, that we shall still further 
enlarge the list of our many patrons and friends in thii 
and in other countries, and that this description of om 
Instruments may be of increasing service to the Surveyox 
and Engineer, that we now commit it to their indulgence. 

W. & L. S. GUBLEy. 

T»OT, N. Y., July Irt, 1878. 
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Surveying Instmraents. 
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The various instruments used in Surveying may be convo- 
flicutly arranged, into two general divisions. 

(1.) Needle instruments, — or such as owe their accuracy 
and value to the magnetic needle only, embracing the Plain 
and Vernier compasses, and the Vernier Transit. 

(2.) Angular instruments, including those in which the 
horizontal angles, are measured by a divided circle and ver- 
niers, as well as by the needle also; as the Railroad Cora- 
pass, the Surveyors' and Engineers' Transits, &c. 

In the present work we shall consider first, those instm* 
ments comprised in the first division, and, as in these the 
accuracy of the horizontal angles indicated, depends upoc 
the delicacy of the needle, and the constancy with which it 
assumes a certain direction, termed the " magnetic meridian,'' 
we shall here remark briefly upon the form^ the lengths and 
the movemerd of 

The Magnetic Needle. — The fonns of the needle are almost 
infinitely varied, according to the taste or fancy of the maker 
or surveyor, but may be resolved into two general classes, 
one having the greatest breadth in a horizontal, the other in 
a vertical direction. 

We have usually made our needles about one-tweu tieth of 
an inch broad and one-third as thick, parallel from end to 
end, the north and south poles being distinguished from each 
other, by a small scollop on the north end. 

Of course the form of the needle is always varied according 
to the choice of our customers, and without additional charge. 

The length of the needle varies in different instruments, 
from four to six or even seven inches, those of five and a half, 
or six inches long, being generally preferred by surveyors. 

The movement of the needle, with the least possible friction,' 
IB secured by suspending it) by a steel or jewel centre, upon 
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a iiftiJened steel pivot, the point of which is made perfectlj 
ehurp and smooth. 

The test of the delicacy of a magnetic needle is the iium- 
Lcr of horizontal vibrations, which it will make in a certain 
arc, before coming to rest — besides this most surveyors pre- 
fer also to see a sort of quivering motion in a vertical direction. 

This quality, which is manifested more in a horizontal, 
than in a vertical needle, and depends upon the near coinci- 
dence of the point of suspension with the centre of gravity 
of the needle, serves to show merely that the cap below is 
unobstructed. 

Having now considered the different qualities of a good 
needle, we shall proceed to speak of those inBtruments ol 
wbioh it makes so important a part; of these, the most sim- 
ple is that termed the 

PLAIN COMPASS, 
rig. 1. 



is roititiscuted above, the Plain Compass has a needle sti 
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tnches long-, a graduated circle, main plate, levels and sights, 
and is placed upon the brass head of the " Jacob staff." 

The Compass Circle in this, as in all our instruments, la 
divided to half degrees on its upper surface, the whole degree 
murks being also cut down on the inside circumference, and 
is figured from to 90, on each side of the centre or "lino 
of zeros." 

The circle and face of the compass are silvered. 

The SpiRrr Levels are placed at right angles to each other 
80 as to level the plate in all directions, and are balanced 
upon a pivot underneath the middle of the tube, so as to be 
adjustable by a common screw-driver. 

The Sights, or standards, have fine slits cut through nearly 
their whole length, terminated at intervals by large circular 
apertures, through which the object sighted upon is more 
readily found. Sometimes a fine horse-hair or wire is sub- 
stituted for one half the slit, and placed alternately with it 
on opposite sights. 

Tangent Scale. — ^The right and left hand edges of the 
sights of our compasses, have respectively an eye-pieco, and 
a series of divisions, by which angles of elevation and de- 
pression, for a range of about twenty degrees each way, can 
be taken with considerable accuracy. 

Such an arrangement is very properly termed a ''tangent 
scale,'' the divided edges of the north sight, being tangents 
to segments of circles having their centres at the eye-pieces, 
and their points of contact with the tangent lines at the zero 
divisions of the scale. 

The cut shows the eye-piece and divisiojis for angles of do 
piession; those for angles of elevation, concealed in this cut, 
are seen in that of the Vernier Compass. 

The Jacob Staff mountings which are furnished with all 
&iir compasses, and packed in the same case, consist of the 
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brass head already mentioned, and an iron ferule or shoe, 
pointed with steel, so as to be set firnUy in the ground. 

The staff, to which the mountings should be securely fas- 
tened, is procured from any wheelwright, or selected by the 
surveyor himself from a sapling of the forest. 

To adjust the Compass. 

The Levels. — First bring the bubbles into the centre, by 
tlie pressure of the hand on different parts of the plate, and 
then turn the compass half way around ; should the bubbles 
run to the end of the tubes, it would indicate that those ends 
were the highest ; lower them- by tightening the screws 
immediately under, and loosening those under the lowest 
ends until, by estimation, the error is half removed ; level 
the plate again, and repeat the first operation until the bub 
bles will remain in the center, during an entire revolution of 
the compass. 

The Sights may next be tested by observing through the 
slits a fine hair or thread, made exactly vertical by a plumb. 
Should the hair appear on one side of the slit, the sight must 
be adjusted by filing off its under surface on that side which 
seems the highest. 

The Needle is adjusted in the following manner : Having 
the eye nearly in the same plane with the graduated rim of 
the compass circle, with a small splinter of wood or a slender 
iron wire, bring one end of the needle in line with any pro- 
minent division of the circle, as the zero, or ninety degree 
mark, and notice if the other end corresponds with the degree 
on the opposite side ; if it does, the needle is said to "cut'' 
opposite degrees ; if not, bend the centre-pin by applying a 
small brass wrench, furnished with our compasses, about 
one eighth of an inch below the point of the pin, until the 
ends of the needle are brought into line with the opposite 
degrees. 
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Then holding the needle in the same position, turn the 
compass half way around, and note whether it now cats 
opposite degrees ; if not, correct half the error by bending 
the needle, and the remainder by bending the centre-pin. 

The operation should be repeated until perfect reversion is 
secured in the first position. 

This being obtained, it may be tried on another quarter of 
the circle ; if any error is there manifested, the correction 
must be made in the centre-pin only, the needle being already 
straightened by the previ^s operation. 

When again made to cut, it should be tred t)ti the other 
quarters of the circle, and corrections made in the same man* 
ner until the error is entirely removed, and the needle wil^ 
reverse in every point of the divided surface 

To use the Compass. 

In using the compass the surveyor should keep the south 
end towards his person, and read the bearings from the north 
end of the needle. He will observe that the E and W letters 
on the face of the compass are reversed from their natural 
position, in order that the direction of the line of sight may be 
correctly read. 

The compass circle being graduated to half degrees, a 
little practice will enable the surveyor to read the bearings 
to quarters, or even finer — estimating with his eye the space 
bisected by the point of the needle, and as this is as low a^ 
the traverse table is usually calculated, it is the general 
practice. 

Sometimes, however, a small vernier is placed upon thfl 
south end of the needle, and reads the circle to five minutes 
of a degree— the circle being in that case graduated to whole 
degprees. 

This contrivance, however, is quite objectionable oa 
account of the additional weight imnosp^ '^^ ^h^ nentre-pin 
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and the difficulty of reading a vernier which is in constant 
vibration, and is therefore but little used. 

To TAKE Angles of Elevation. — ^Having first leveled thr 
compass, bring the south end towards you, and place the eye 
at the little button, or eye piece, on the right side cf the south 
sight, and with the hand fix a card on the front surface of the 
north sight, so that its top edge will be at right angles to 
the divided edge, and coincide with the zero mark ; then 
sighting over the top of the card, note upon a flagstaff the 
height cut by the line of sight ; then move the staff up the 
elevation, and carry the card along the sight until the line 
of sight again cuts the same height on the staff, read off the 
degrees and half degrees passed over by the card, and we 
shall have the angle required. 

For Angles op Depression. — Proceed in the same manner, 
using the eye-piece and divisions on the opposite sides of the 
sights, and reading from the top of the standards. 

Jacob Staff Socket. — The compass is furnished with a 
5all spindle, or socket, upon which it turns, and by which it 
is levelled. The ball may be placed in a single or ''Jacob 
staff" socket, as represented in the figure, or in a compass 
tripod, such as is shown in the cut of the Vernier Transit 
beyond. 

Clamp Screw. — In the side of the hollow cylinder, or socket 
^ii the compass, which fits to the ball spindle, is a screw by 
which fhe instrument may be clamped to the spindle in any 
position. 

Spring Catch. — ^Besides the clamp sorevr, we now have 
fitted to the sockets of our compasses a little spring catch; 
which, as soon as the instrument is set upon the spindle, 
slips into a groove, and thus removes all danger of falling 
when the instrument is carried. 

Needle Lifter.— -There is also underneath the main plata 
a needle lifting screw which, by moving a concealed spring, 
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raises the needle from the pivot, and thus prevents the blunt- 
ing of the point in transportation. 

When the compass is not in use it is the practice of many 
surveyors to let down the needle upon the point of the centre- 
pin, and let it assume itc position in the magnetic meridiani 
BO as to retain or even increase its polarity. 

We would advise in addition, that after the needle has set- 
tled it should be raised against the glass, in order not to dull 
the point of suspension. 

OuTKEEPER.— A small dial plate, having an index turned by 
a milled head underneath, is often used with this and the 
other compasses to keep tally in chaining. , 

The dial is figured from to 16, the index being moved ono 
notch for every chain run. 

ELECTRicrrr. — ^A little caution is necessary in handling the 
eompass, that the glass covering be not excited by the fric* 
tion of. cloth, silk, or the hand, so as to attract the needle to 
its under surface. 

A brass cover is sometimes fitted over the glass of the 
compass, and serves to protect it from accident, as well as 
to prevent electric disturbance. 

When, however, the glass becomes electric, the fluid may 
be removed by breathing upon it, or touching different parts 
of its surface with the moistened finger. 

An ignorance of this apparently trifling matter has caused 
many errors and perplexities in the practice of the inexpe- 
rienced surveyor. 

Repairs of the Compass. 

To enable the surveyor to make such repairs as are possi- 
ble without having recourse to an insti'ument maker, we here 
add a few simple directions. 

1. The Needle. — It may sometimes happen that the needle 
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has lost its polarity, and needs to be re-magnetized; this ii 
effected in the following manner: 

The operator being provided with an ordinary permanent 
magnet,* and holding it before him, should pass with a gentle 
pressure each end of the needle from centre to extremity over 
the magnetic pole, describing before each pass a circle of 
about six inches radius, to which the surface of the pole is 
tangent, drawing the needle towards him, and taking care 
that the north and the south ends are applied to the apposUe 
poles of the magnet. 

Should the needle be returned in a path near the magnetic 
pole, the current induced by the contact of the needle and mag- 
net, in the pass just described, would be reversed, and thus the 
magnetic virtue almost entirely neutralized at each operation. 

When the needle has been passed about twenty-five times 
in succession, in the manner just described, it may be con- 
sidered as fully charged. 

A fine brass wire is wound in two or three coils on the 
south end of the needle, and may be moved back or forth in 
order to counterpoise the varying weight of the north end. 

2. The Centre Pin. — This should occasionally be examined, 
and if much dulled, taken out with the brass wrench, already 
spoken of, or with a pair of plyers, and sharpened on a hard 
oil stone — the operator placing it in the end of a small stem 
of wood, or a pin vice, and delicately twirling it with the fin- 
gers as he moves it back and forth at an angle of about 30 
dog. to the surface of the stone. 

When the point is thus made so fine and sharp as to be 
invibible to the eye, it should be smoothed by rubbing it on 
the surface of a soft and clean piece of leather. 

3 To PUT IN A New Glass.— Unscrew the "bezzle ring*' 
which holds it, and with the point of a knife blade spring 



* A mftipiet initable for tbii pnrpose costo 35 to 50 oenti. 
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ont the little brass ring above the glass, remove the old 
glass and scrape out the putty ; then if the new glass do^s 
not fit, smooth off its edges by holding it obliquely on the 
surface of a grind stone until it will enter the ring easily ; 
then put in new putty, spring in the brass ring, and the 
operation will be complete. 

4. To REPLACE A Spirit Level. — Take out the screws which 
hold it on the plate, pull off the brass ends of the tube, and 
with a knife blade scrape out the plasterfrom the tube; then 
with a stick made a little smaller than the diameter of the 
tube, and with its end hollowed out, so that it will bear 6nly 
on the broad surface of the level vial, push out the old vial 
and replace it with a new one, taking care that the crowning 
side, which is usually marked with a file on the end of the vial, 
is placed on the upper side. 

When- the vial does not fit the tube it must be wedged up 
by putting under little slips of paper until it moves in snugly. 

After the vial is in its place, put around its ends a little 
boiled plaster, mixed with water to the consistency of putty, 
taking care not to allow any to cover the little tip of the 
glass, then slip in the brass ends and the operation will be 
completed. 

A little beeswax, melted and dropped upon the ends of the 
vial, is equally as good as the boiled plaster, and often more 
easily obtained. 

We would here remark that an extra glass and level viula 
are always furnished, free of charge, with our instrumentSi 
whenever desired by the purchaser. 

Sizes of the Plain Compass. 

Three different sizes of this instrument are in common use, 
having respectively four, five and six-inch needles, and dif- 
fering also in the length of the main plate, which in the four 
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inch compass is twelve and a half inches long, and in tbe 
larger sizes, fifteen and a half inches. 
The six-inch needle compass is generally preferred. 

Weight of the Plain Compasses, 
The average weights of the different sizes, with the biass 
mountings of the Jacob staff, are : 

For tbe 4-incli needle, 5| lbs. 
For the 6-inoh needle, Qk lbs.. 
For the 6-inoh needle, 8 lbs. 

The plain compass, which was the only one in use in thig 
country previous to the time of David Rittenhouse, has grad- 
ually given way to the superior advantages of the Vernier of , 
Rittenhoufl^compass, which we shall now proceed todescribo 
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Sorveying Instruments. 



THE VERNIER COMPASS. 

This mstrnment, represented in tlie engraving opposite, is in 
most respects like that already described, differing from it 
mainly in having its compass circle, to which is attached a 
*' vernier,*' movable about a common centre a short distance 
in either direction, thus enabling the surveyor to set the zeros 
of the circle at any required angle with the line of sights, 
the number of degrees contained in this angle or the ^' varia- 
tion of the needle " being read off by the vernier. 

The movement of the circle is effected either by ai slow 
moving or ^' tangent screw, " n» shown in the engraving, or by 
a concealed rack and pinio«i~^the head of which projects from 
the under side of the main compass plate. 

When the variation is set oft as described, the circle is se* 
ourely &£Ftened in its position by a clamping nut underneath 
the main plate. 

Ball Spindle. — The compass is usually fitted to a spindle 
made slightly conical and having on its lower end a ball turned 
perfectly spherical, and confined in a socket by a pressure so 
light that the ball can be moved in any direction in the opera- 
tion of leveling the compass. 

The ball is placed either in the birass head of the^ Jacob 
Staff already shown with the previous instrument, or still 
better, in the compass tripod seen in the engraving of the 
Vernier Transit beyond. 

The superiority of the vernier over the plain compass con* 
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Bists in its adaptation to the retracing tbi, hr^t^h of an old 
survey, and to the surveys of the U. S pn'jiic lands, where 
the lines arc based on a true meridian. 

Variation of the Needle. ^ 

It is well knowr that the magnetic needle, iu almost all 
parts of the United States, points more or less to the east or 
west of a true meridian, or north and south line. 

This deviation, which is called the vabiation oh declination 
of the needle, is not constant, but increases or decreases to 
a very sensible amount in a series of years. 

Thus at Troy, N. Y., a line bearing in 1838, N. 31«* E., 
would in 1874, with the san^e needle, have a bearing of 
about N. 32^ E., the needle having thus m that interval 
travelled a full degree to the west. 

For this reason, therefore, in running over the lines of a 
farm from field notes of some years standing, the surveyor 
would be obliged to make an allowance, both perplexing and 
uncertain, in the bearing of every line. 

To avoid this diflBculty the vernier was devised, the arrange^ 
ment of which we shall now describe. 

The Vernier is divided on its edge to thirty equal parts, 
and figured in two series on each side of the centre line. 

In the same plane with the vernier is an arc or limb, fixed 
to the main plate of the compass, and graduated to half 
degrees. 

The surfaces of both vernier and limb are silvered. 

On the vernier are thirty equal divisions, which exactly 
correspond in length with thirty-one of the half degrees of 
the limb. 

Each division of the vernier is, therefore, one- thirtieth or, 
in other words, one minute longer than a single division of 
the limb. 

To Reid the Vernier. — ^In "reading" the vernier, If i* it 
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moved to the right, count the minutes from its zero point to 
the left, and vice versa. Proceed thus until a division on 
the vernier is found exactly in line with another on the limb, 
and the lower row of figures on the vernier will give tbe 
number of minutes passed over. When the vernier is movei 
more than fifteen minutes to either side the number of the 
additional minutes up to thirty or one-half degree of the limb 
is given by the upper row of figures on the opposite side of 
the verhier. 

To read beyond thirty, add the minutes given by the ver- 
nier to that number, and the sum will be the correct reading. 

In all cases when the zero point of the vernier passes 
a whole degree of the limb, this must be added to the minutes, 
in order to define the distance over which the vernier has 
been moved. 

To Turn off the Variation. — It will now be seen that the 
surveyor having the vernier compass, can by moving the 
vernier to either side, and with it of course the compass cir- 
cle attached, set the compass to any valuation. 

He therefore places his instrument on some well defined 
line of the old survey, and tunas the tangent screw until thff 
needle of his compass indicates the same bearing as that 
given in the old field notes of the original survey. 

Then screwing up the clamping nut underneath the ver- 
nier, he can run all the other lines from the old field notes 
without further alteration. 

The reading of the vernier on the limb in such a case would 
give the change of variation at the two different periods. 

The variation of the needle at any place being known, a 
true meridian, or north and south line, may be run by moving 
the vernier to either side, as the variation is east or west, 
until the arc passed over on the limb is equal to the angle of 
variation; and then turning the compass until the needle is 
made to cut the zeros on the divided circle, when tho line of 
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the sights would give the direction of the true meridian of 
the place. 

Such a change in the position of the vernier is necessary 
in surveying the U. S. public lands, which are always run 
from the true meridian. 

** The like of no varxahon, as it is called, or that upon 
which the needle will indicate a true north and south direc- 
tion, is situated in the United States, nearly in an imaginary 
line drawn from the middle of lake Erie to Cape Hatterasi 
on the coast of North Carolina. 

A compass needle, therefore, placed east of this line would 
have a variation to the west, and when placed west of the 
line, the variation would be to the east, and in both cases 
the variation would increase as the needle was carried far- 
ther from the line of no variation. 

Thus in Minnesota the variation is from 16® to 16® to the 
3ast. while in Maine it is from H® to 18® to the west. 

At Troy, in the present year, 1874, the variation is about 
9® to the west, and is increasing in the same direction from 
two to three minutes annuaUy. 

To Bba& to Minutes. — ^A less important use of the verniot 
is to give a reading of the needle to single minutes, which is 
obtained as follows: 

First be sure, as in all observations, that the zero of the 

vernier exactly corresponds with that of the limb ; then 

noting the number of whole degrees given by the needle, 

move back the compass circle with the tangent screw until 

the nearest whole degree mark is made to coincide with the 

point of the needle, read the vernier as before described, and 

this reading added to the whole degrees will give the bearing 

to minutes. 

To use the Vernier Compass, 

Ptoceed in the same manner as directed in regard to th« 
Plain Compass, when making new surveys, always taking 
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care that the vernier is set at zero and securely clamped bj 
screwing np the nut beneath the plate. 

In surveying old farms, allowance and correction must b6 
made for the variation, as just described. 

Sizes of the Vernier Compass. 

We make three sizes of this compass, having needles of four, 
five and six inches long respectively, the main plates of the 
two largest being over fifteen inches long ; and of the smallest 
size, thirteen inches, the sights of the last are also about an 
inch shorter. 

In the four and five inch Yemier Compasses, the variation 
arc is within the compass circle like that of the railroad com- 
pass hereafter described, and the variation is set off to min* 
utes by a pinion head underneath the plate ; the circle is also 
clamped at any variation by a screw placed opposite the pinion. 

WeigJU of the Vernier Compasses. 

The average weights of the different sizes, including the 
brass head of the Jacob Staff, beginning with the smallest, 
ure respectively 5^, 7^ and 9^ pounds. 
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THE VERNIER TRANSIT. 

This instrument, shown in the iengraTing opposite, resctmblefl 
Ishe Vernier Oompass in its cbnstm<3tion and general j^rinciples, 
di^cring from it mainly in tbe nse of a telescope in place of i\w 
ordinary sights. The yariation of the needle is set off by a 
pinion/ as shown, and the circle clamped by a nut underneath 
the plate as usual. 

The instrument is clamped to the spindle and secured from 
falling 'from it b^ the clamp sCrelw and spring catch, seen od 
opposite ^id^s of the socket in the engraving. 

The Vernier Transit should always be used with the com- 
pass tripod at least, as shown in the engraving, and often, es- 
pecially when furnished with the extra attachments to tele- 
scope, is placed upon the light leveling tripod, shown with the 
Surveyor's Transit beyond, and described in our account of 
that instrument. 

The needle of this instrument is either four five or six 
inches long, as the surveyor may prefer, the one with the six 
inch needle being shown in the engraving, and generally 
selected by our customers. 

The advantages of the Vernier Transit over the ordinary 
compass, are due mainly to the telescope and its attachments 
which we tjiall proceed to describe in detail. 
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Tlie telescope is from ten to twelve inch 
es long, and sufficiently powerful to see 
and set a flag at a distance of two miles in 
a clear day. 

The cross-bar in which it is fixed, turni 

ff readily in the standards, so that the tele- 

1^ scope can be turned in either direction, and 

back and fore sightB be taken withoat 

moving the instrument. 

Like all telescopes used by us in our in- 
struments, it shows objects in an erect 
position. 

The TELEsccPE.^The interior construc- 
tion of the telescope of the Vernier Transit, 
which is very similar to those of the other 
instruments we shall describe, is well 
shown in the longitudinal section represen* 
ted in lig. 4. 

As here seen, the telescope consists es- 
sentially of an object-glass, an eye-piece 
tube, and a cross-wire ring or diaphragm. 

The object-glass is composed of two 
lenses, one of flint, the other of crown 
glass, which are so made and disposed as 
to show the object seen through it withou; 
color or distortion. 

.The object glass and the whole telescope 
is therefore said to be " achromatic." 

The eye-piece is made up of four plano- 
convex lenses, which, beginning at the eye 
-end, and proceeding on, are called respec- 
tively, the eye, the field, the amplifying, 
and the object lenses. 
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Together, they form a compound microscope, magnifying 
the minute image of any object formed at the cross-wires bj 
the interposition of the object glass. 



Tig. 6. 

Thr Cross Wires. — The cross-wire diaphragm, two viewi 
of which are here exhibited, is a small ring of brass, sub- 
peiided iu the tube of the telescope by four capstan head 
ncrews, which press upon the wnshcrs sliown on the outside 
of tile tube. 

Tlio ring can thus be moved in either direction by working 
Uie screws witli an ordinary adjusting pin. 

Across the flat surface of tlie ring two fine fibres of spi- 
dei-'s web are extended at I'ight angles to each other, their 
tnds being cenientet) with beeswax orvarnish, into fine linos 
cut in the metal of the ring. 

The intersection of the wires forms a very minute poin'b, 
vhich, when they are adjusted, determines the optical axis 
of the telescope, and enables the suiTeyor to fix it upon an 
object with the greatest precision. 

The imaginary line passing through the optical axis of the 
telescope, is termed the " line of collimation," and the opera> 
tion of bringing ^e intersectioD of the wires into the optic^ 
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axis, is called the " adjustment of the line of collimation." 
This will be hereafter described. 

The openings in the telescope tube are made considerably 
larger than the screws, so that when these are loosened, the 
whole ring can be turned around for a short distance in either 
direction. 

The object of this will be seen more plainly, when we de- 
scribe the means by whicn the wire is made truly vertical. 

The sectional view of the telescope (fig. 4) also shows two 
moveable rings, one placed at A A, the other at C, which 
are respectively used, to effect the centering of the eye-piece, 
and the adjustment of the object-glass slide. 

The centering of the eye-tube is performed after the wires 
have been adjusted, and is effected by moving the ring, by 
means of the screws, shown on the outside of the tube^ until 
the intersection of the wires is brought into the centre of the 
field of view. 

The adjustment of the object slide, which will be fully de- 
scribed in our account of the Leveling Instrument, secures 
the movement of the object-glass in a straight line, and thus 
keeps the line of collimation in adjustment through the whole 
range of the slide, preventing at the same time what is term- 
ed the *' travelling" of the wires. 

This adjustment, which is peculiar to our telescopes, is 
always made in the process of construction, and needing no 
further attention at the hands of the engineer, is concealed 
within the ring near the ball of the telescope axis. 

Optical Principles of the Telescope. 

In order that the advantages gained by the use of the tele 
scope may be more fully understood, we shall here venture 
briefly to consider the optical principles involved in its con* 
Btruction. 
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We are said to " see " objects because the rays of ligM 
which proceed from all their parts, after passing through the 
pupil' of the eye, are by the crystalline lens and vitreous 
liumor, converged to a focus on the retina, where they form 
a very minute inverted image; an impression; of which; is 
conveyed to the brain by the optic nerve 

The rays proceeding from the e^^tremities of an object, and 
crossing at the optic center of the eye, form the ** visual 
angle,*' or that under which the object is seen. 

The apparent magnitude of objects depends on the size of 
the visual angle which they subtend, and tiais being- great, or 
small, as the object is near or distant — the objects- will ap^ 
pear large or small, in an inverse proportion to the distances 
which separate them from the observer. 

Wf • •* Thus, (in fig. e, ) if the 

distance A is one-half 
of B, the visual angle, 
subtended by the object 
at the point A, and there- 
fore the apparent mag- 
nitude of the object will 
be twice that observed at B. If, therefore, the visual angle 
subtended by any object, can be made by any means twice 
as large, the same effect will be produced as if the observer 
were moved up over one half the intervening distance. 

Now this is Uie principal advantage gained in. the- use of 
a telescope. 

The object-glass receiving the rays of light which proceed 
from all the points of a visible object, converges them to a 
focus at the cross- wires, and there forms a minute, inverted, 
and very bright image, wl: ich may be seen by placing a piece 
of ground glass to receive it at that point. 
The eye-piece acting as a compound microscope, magnifies 
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tills image, restores it to its natural poaitioik. aad 
conveys it to the eye* 

The visual angle which the image there sab-^ 
tends, is as many times greater than that whicli 
would be formed without the use of the telescope, 
as the number which expresses its magnifying 
power. 

Thus, a telescope which magnifies twenty 
times, increases the visual angle just as much, 
and therefore diminishes the apparent distance of 
the object twenty times— or in other words, it 
will show an object tMO hundred feet distant, 
with the same distinctness as if it was distant 
only ten feet from the naked eye. 

The accompanying cut, (fig. l) which we are 
kindly permitted to copy from an excellent trea- 
gtise on surveying, by Prof. Gillespie of Union 
1, College, will give a correct idea of the manner 
in whicli the rays of light coming from an object 
are aftected, by passing through the several 
glasses of a telescope. 

We shall only consider the rays which proceed 
from the extremities; these, after passing through 
the object-glass, here shown as a single lens, are 
conveyed to the point B, the centre of the cross- 
wires and the common focus of the object and 
eye-glasses. At this place the rays cross each 
other and the image is inverted. 

The rays next come to the object Ions C, and 
passing through it are refracted so as again to 
cross each other, and come thus to the amplifying 
lens D. By this they are again refracted, made 
more nearly parallel, and thus reach the ^ai-ge 
field lens E. After passing through thift, th**-' 



40 THE VERNIER TRANSIT. 

form a magnified and erect image in the focus of the eyi 
lens G. By the eye lens the image is still further magnified, 
and at last enters the eye of the observer, subtending an 
angle as much greater than that at the point 0, as is the 
magnifying power of the telescope. 

In place of the eye-piece of four lenses, which we have 
just been considering, and which is exclusively used in all 
American instruments made at the present day; another, 
which has but three lenses, is often seen in the telescopes of 
imported instruments. 

This latter, which inverts the object, though saving a little 
more light than the former, is exceedingly troublesome to 
the inexperienced observer, and has never been popular in 
American engineering. 

To ascertain the Magnifying Power of a Telescope, 

Set up the instrument about twenty or thirty feet from the 
side of a white wooden house, and observe through the tele- 
scope the space covered by one of the boards in the field of 
the glass; then still keeping that eye on the telescope, hold 
open the other with the finger, if necessary, and look with it 
at the Same object. By steady and careful observation there 
will appear on the surface of the magnified board, a number 
of smaller ones seen by the naked eye, count these, and wo 
shall obtain the magnifying power. 

If the limits of the magnified board, as seen through the 
telescope, can be noted so as to be remembered after the eye 
is removed, the number of boards contained in this space 
may then be easily counted. 

The side of an unpainted brick wall, or any other surface 
containing a number of small, well marked and equal objects^ 
may be observed, in place of the surface we have described. 

The operation described requires great care and clost 
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observation, but may be performed with facility after a little 
practice. 

We have spoken of the effect of the telescope in magnify- 
•ng objects, but have not mentioned what is termed its 
" illuminating power." 

This arises from the great diameter or aperture of the 
object-glass compared with that of the pupil of the eye, which 
enables the observer to intercept many more rays of light, 
and bring the object to the eye highly illuminated. 

The advantage gained in this increS-se of light.depends, ag 
ss evident, on the size of the object glass, and the perfection 
with which the lenses transmit the light without absorbing 
or reflecting it. 

The superficial magnifying power of a telescope, is found 
by squaring the number which expresses its linear magnify- 
ing power; thus a telescope which magnifies twenty times, 
increases the surface of an object four hundred times. 

Before an observation is made with the telescope, the eye- 
piece should be moved in or out, until the wires appear dis- 
tinct to the eye of the operator; the object-glass is then ad- 
justed by turning the pinion head until the object is seen clear 
and well defined, and the wires appear as if fastened to itp 
Gurface. 

The intersection of the wires, being the means by which 
the optical axis of the telescope is defined, should be brought 
piecisely upon the centre of the object to which the instru- 
ment is directed. 

Having thus briefly considered the principles, we shall no\i 
proceed to describe the 

Attachments of the Telescope, 

A telescope is said to be " plain " when it is without an; 
ftppendages to its tube or axis, as that of the Engineer'^ 
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Transit showu in the ehgraviing, ai^ most insti'uments are 
made in that manner. 

Many surveyors, however, prefer to add these conveniences 
and we shall now consider them in detail. 

The Clamp and Tanqent — Consists of a ring which encip* 
des. one end of the telescope axis, and has also an arm pro« 
jecting below, for the attachment of a tangent screw. The 
ring is securely fastened at will to the axis by a damp screw 
inserted on one side, and the telescope then moved slowly 
«p or down by turning the tangent screw. 

The clamp and tangent ought always to accompany the 
vertical circle, and the level on the telescope. 

Vertical Circle. — A divided circle as seen in the cut of the 
Vernier Transit, is often attached to the axis of the telescope, 
giving, with a vernier, the means of measuring vertical an- 
gles with great facility. 

We make two sizes of these circles, one of 3^ inches 
diameter, seen' with this instrument, the other an inch larger, 
and shown in the cut of the Surveyor's Transit. The former 
is graduated to single degrees, and reads by the vernier, to 
five minutes of arc. The latter, divided to half degrees, gives 
a reading, with the vernier, to single minutes. 

The vertical circle is fitted firmly to the telescope axis, and 
Tastened with a screw, so that it remains permanent. 

The vernier, however, may be shifted in either direction, 
by loosening the screws which confine it to the standards. 

The vo^nier of the small circle is divided into twelve equal 
parts, which correspond with thirteen degrees on the circle. 

Each division of the vernier is, therefore, one-twelfth of 
one degree, or five minutes longer than a single division of 
the circle, so that the' angles are read to five minutes of a 
degree 
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The vernier is double, having its- zero poi it in the middle, 
and the reading" up to thirty minutes, is said to be direct; 
thai is, if the circle is. moved to the right,, the minul;es arc 
read off on the right side of the vernier, and vice versa. 

The minutes beyond thirty are obtained on, the opposite 
side, and in the lower row of figures. 

By following these directions, and noticing the first divi- 
sions on the circle and vernier, which exactly correspond, the 
. surveyor can obtain a reading to five minutes with great 
facility. 

Level on Telbscope, — Besides the vertical circle,, there is 
sometimes a small level attached to the telescope of this and 
other instrumejuts, which we shall hereafter describe. 

Such an attachment is shown in the cut of the Surveyor's 
Transit, and its adjustment and advantages will be explain- 
ed in our account of that instrument 

Sights on Telescope, — We are sometimes desired by sur- 
veyors to place a pair of short sights on the upper side of 
the telescope tube. 

They are best made to fold close to the tube when not in 
nse, like those of the pocket compass, described hereafter.- 

These sights are useful in taking back Sights without 
turning the telescope, and in sighting through bushes or in 
the forest, and as the telescope can be turned up or down, 
answer all the purposes of the; longer sights of the ordinary 
compass. 

Sights fob Eight Angles.— Besides the sights just men- 
tioned, we have often attached others to the plate of the 
instrument, on either side of the compass circle or on the 
standards. 

These being adjusted to the telescope give a very read^ 
means of laying off right angles, or running out. offsets, with 
out changing the position of the instrument 
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To adjust ike Vernier Transit. 

The Levels of this instrument have a capstan head scroti 
at each end, and are adjusted with a steel pin in the same 
mangier as those of the Plain compass. 

The Needle is also adjusted as described in our account of 
that instrument. 

Line op Colldcation. — To make this adjustment, which is, 
in other words, to bring the intersection of the wires into 
the optical axis of the telescope, so that the instrument, 
when placed in the middle of a straight line will, by the 
revolution of the telescope, cut its extremities — proceed as 
follows: 

Set the instrument firmly on the ground and level it care- 
fully; and then having brought the wires into the focus oi 
the eye-piece, adjust the object-glass on some well defined 
point, as the edge of a chimney or other object, at a distance 
of from two to five hundred feet; determine if the vertical wire 
is plumb, by clamping the instrument firmly to the spindle and 
applying the wire to the vertical edge of a building, or ob- 
serving if it will move parallel to a. point taken a little to 
one side; should any deviation be manifested, loosen the 
cross-wire screws, and by the pressure of the hand on the 
head outside the tube, move the ring around until the error 
is corrected. 

The wires being thus made respectively horizontal and 
vertical, fix their point of intersection on the object selected ; 
clamp the instrument to the spindle, and having revolved the 
telescope, find or place some good object in the opposite 
direction, and at about the same distance from the instrument 
AS the first object assumed. 

Great care should always be taken in turning the telescope, 
Uiat the position of the instrument upon the spindle is not )0 
slightest degree disturbed. 
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Now, having found or placed an object which the vertical 
wire bisects, unclamp the instrument, turn it half way around, 
and direct the telescope to the first object selected; having 
bisected this with the wires, again clamp the* instrument, 
revolve the telescope, and note if the vertical wire bisects 
the second object observed. 

Should this happen, it will indicate that the wires are in 
adjustment, and the points bisected are with the centre of 
the instrument, in the same straight line. 

If not, however, the space which separates the wires from 
the second point observed, will be double the deviation of 
that point from a true straight line, which may be conceived 
as di awn through the first point and the centre of the instru- 
ment, since the error is the result of two observations, made 
with the wires when thoy are out of the optical axis of the 
telescope. 

Fig. 8. 

-D 
B 




For as in the diagram, let A represent the centre of the 
instrument, and B C the imaginary straight line, upon the 
extremities of which the line of coUimation is to be adjusted. 

B represents the object first selected, and D the point 
whii;h the wires bisected, when the telescope was made to 
revolve. 

When the instrument is turned half around, and the tele- 
scope again directed to B, and once more revolved, the wires^ 
will bisect an object, E, situated as far to one side of the true 
line as the point D is on the other side. 

The space, D E, is therefore the sum of two deviations of 
the wires frcm a true straight line, and the error is made 
very apparent 
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In order to correct it, use the two capstan head screws od 
the sides of the telescope, these being the ones which affect 
the position of the vertical wire. 

Eemcraber that the eye-piece inverts the position of the 
wires, and therefore that in loosening one of the screws and 
tightening the other on the opposite side^ the operator must 
proceed us if to increase the error observed. Having in this 
manner moved back the vertical wire until, by estimation, 
one-quarter of the space, D E, has been passed over, return 
the instrument to the point B, revolve the telescope, and if 
the correction has been carefully made, the wires will now 
bisect a point, 0, situated midway between D and.E, and in 
the prolongation of the imaginary, line, passing through the 
point B and the centre of the instrument. 

To ascertain if such is the case, "turn the instrument half 
around, fix the telescope upon B, clamp to the spindle, and 
again revolve the telescope towards C. If the wires again 
bisect it, it will prove that they are in adjustment, and that 
the points, B, A, C, all lie in the same straight line. 

Should the vertical wire strike to one side of C, the error 
must be corrected precisely as above described, until it is 
entirely removed. 

Another method of adjusting the line of collimation often 
employed in situations where no good points in opposite 
directions can be selected upon which to reverse the wires, 
may hero be described. 

The operator sets up the instrument in some positioD 
which commands a long sight in the same direction, and 
having leveled his instrument, clamps to the spindle, and 
with the telescope locates three points which we will term A, 
B and C, which are distant from the instrument about one, 
two and three hundred feet respectively. 
. These points, which are usually determined by driving a 
tail into a wooden stake set firmly into the ground, will ali 
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e in the same straight line, however much the wires are oat 
of adjustment, since the position of the instrument remains 
unchanged during the whole operation. 

Having fixed these points he now moves the instrument to 
B, and sets its centre directly over the nail head, bj*^ letting 
lowu upon it the point of a plumb-bob suspended from the 
tripod. 

Then having leveled the instrument, he directs the wires 
to A, clamps to the spindle and revolves the telescope 
towards C. Should the wires strike the nail at that point, 
it would show that they were in adjustment. 

Should any deviation be observed, the operator must cor- 
rect it by moving the wire with the screws until, by estima- 
tion, half the error is removed. 

Then bringing the telescope again upon either A or C, and 
revolving it, he will find that the wires will strike the point 
in the opposite direction if the proper correction has been 
applied. 

If not, repeat the operation ilntil the telescope will exactly 
cut the two opposite points, when the intersection of the 
wires will be in the optical axis, and the line of collimation 
in adjustment. 

In our description of the .previous operation, we havo 
spoken more particularly of the vertical wire, because in a 
revolving telescope this occupies the most important place, 
the horizontal one being employed mainly to define the cen- 
tre of the vertical wire, so that it may be moved either up oi 
down without materially disturbing the line of collimation. 

The wires being adjusted, their intersection may now be 
brought into the centre of the field of view by moving the 
ficrdWB A A, shown in the sectional view of the telescope, 
Mg. 4, which are slackened and tightened in pairs, the 
movement being now direct, until the wires are seen in 
their proper position. 
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It is here proper to observe, that the position of the line of 
collimation depends upon that of the object-glass, solely, so 
that . the eye-piece may, as in the case just described, be 
moved in any direction, or even entirely removed and a new 
one substituted, without at all deranging the adjustment of 
the wires. 

The Standards. — In order that the wires may trace a ver- 
tical line as the telescope is moved up or down, it is neces- 
sary that both the standards of the telescope should be of 
precisely the same height. 

To ascertain this and make the correction if needed, pro- 
ceed as follows: 

Having the line of collimation previously adjusted, set the 
instrument in a position where points of observation, such 
as the point and base of a lofty spire, can be selected, giving 
a long range in a vertical direction. 

Level the instrument, fix the wires on the top of the object 
and clamp to the spindle; then bring the telescope down," 
until the wires bisect some good point, either found or 
marked at the base; turn the instrument half around, fix the 
wires on the lower point, clamp to the spindle, and raise the 
telescope to the highest object. 

If the wires bisect it, the vertical adjustment is effected; 
if they are thrown to either side this would prove that the 
standard opposite that side was the highest, the apparent 
error being double that actually due to this cause. 

To correct it, we now make one of the bearings of the axis 
movable, so that by turning a screw underneath this sliding 
piece, as well as the screws which hold on the cap of the 
standard, the adjustment is made with the utmost precision. 

This arrangement, which is common to all our telescopic 
instruments, is very substantial and easily managed. 

The Vertical Circle. — ^When this attachment requires ad- 
juatment, proceed by leveling the instrument carefully, and 



THB VEHNIER iTltAKSSlt. 49 

having brought into line the zeros of the wheel and vernier, 
find or place some well defined point or line which is ctt by 
the horizontal wire. 

Turn the instrument half around, revolve the telescope, 
and fixing the wire upon the same point as before, note if 
the zeros are again in line. 

If not, loosen the screws and move the zero of the vernier 
over half the error; bring the zeros again into coincidence, 
and proceed precisely as at first described until the error is 
entirely corrected, when the adjustment will be completed 

Should it be desired, at any time, the circle can bie removed 
by the surveyor and replaced at pleasure. 

The Level on Telescope. — The adjustment of this will be 
best considered when we come to speak of the Surveyors' 
Transit. 

Adjustments in General. — ^We ought here to say that the 
above adjustments, as well as all the others which we have 
previously explained or may hereafter describe, are always 
made by us in person, but are given in this work in order 
that the surveyor and engineer may fully understand theii 
instruments, and be enabled to detect and remedy errors and 
accidents, which in practice will often occur. 

To iLse the Vernier Transit. 

This instrument is used on the ordinary ball and spindle, 
placed most commonly in the compass tripod, as shown in 
the engraving. 

LsvELma Head. — Sometimes leveling screws with the par« 
allel plates, and which together we shall designate the '' level- 
ing head/' with a clamp and tangent movement^ are used 
with this instrument as well as with the Surveyor's Transit. 

This leveling head can be unscrewed from the legs, and is 
packed in the instrument box; it is of very moderate cost, 
and in almost every situation is infinitely superior to a ball 
and socket or any other support. 
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Compound Ball. — ^We also uianufactura 
what may be termed a "compound ball 
spindle," which has a tangent mUTcment, 
and gives all the perfection of more cost- 
ly arrangements, with a very moderate 
expense. 

As represented in the cat, it has an- in- 
terior spindle, aronnd which an oniside 
hollow cylinder is moved by turning th« 
double-headed tangcBt screw, which has 
in the middle an endless screw, working 
into teeth cut spirally around in a groove 
[Fig. »■] of '''6 cylinder. The compass, or other 

instrument, revolves on the ontside socket, precisely as ii 
placed on a common ball spindle; but when a slower move- 
ment is required, can be made fast by the clamp screw, and 
then tnmed gradually around the interior spindle by the tan> 
gent screw, until the slote of the sight or the intersection of 
the wires, is made to bisect the object with the utmost cer- 
tainty. 

The compound ball may be placed either in a jacob-stafi 
Hockev or compass tripod. 

Levelino Socket. — A convenient arrangement for use, 
either with this instrument or with a sight compass, is shown 
'n the leveling socket described in our account of the solar 
compass beyond. 

The socket may be used either with the ordinary compass 
uall or the compound ball, as there reprt;sented, and gives a 
very rapid and accurate means of leveling the instrument 
The SpRiNa Catch, described in our account of the Plain 
Compass, is always attached to the socket of this instrument, 
whether placed upon a ball or tripod, so that it cannot slip 
off from the spindle in carrying. 
The Glaut Scbf.w, is in the side of the socket of this instru- 
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ment, and by pressing a brass spring in the interior against the 
spindle, serves to &x the instrument in any position. 

The Vernier is moved by the pinion head, now always 
placed beneath the plate, precisely as described in our account 
of the Vernier Compass, and is read to minutes in the same 
manner. 

There is also a clamp nut underneath the circle, by which it 
is securely fixed in any position, which must be loosened 
whenever the vernier is moved by the pinion. 

The Needle Lifting Screw is the same as those of the 
compasses previously described. 

In Surveying with this instrument the operator proceeds 
precisely as with the Vernier Compass, keeping the south 
end towards his person, reading the bearings of lines from 
the north end of the needle, and using the telescope in place 
of sights, revolving it as objects are selected in opposite 
directions. 

Parallax. — ^Before an observation is made with the tele- 
scope, the eye-piece should be moved in or out until the wires 
appear distinct to the eye of the operator, the object-glass 
may then be placed in position by turning the pinion head 
on the top of the telescope, until the object is seen clear and 
well defined, and the wires appear as if fastened to its sur- 
face. 

When, on the contrary, the wires are not perfectly distinct, 
the observer, by moving his eye to either side of the small 
aperture of the eye piece, will cause the wires to " travel" 
on the object, and thus occasion what is termed the "erroi 
of parallax." 

The intersection of the wires being the means by which 
the optical axis of the telescope is defined, should be brought 
precisely upon the centre of the object to which the instru* 
aient is directed. 
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Td tAkis Angles of Elevation. — Level the instrument care- 
fully, fix the zeros of the circle and vernier in line, and note 
the height cut upon the staff or other object, by the horizon- 
tal wire; then carry the staff up the elevation, fix the wire 
again upon the same point, and the angle of elevation will 
be read off by the vernier. 

By careful usage, the adjustments of the Vernier Transit 
will remain as permianent as those of the ordinary compass 
the only one liable to derangement bein^ that of the line ol 
colliitiation. 

This should be examined occasionally, and corrected in the 
manner previously described. 

Repairs of the Vernier Transit, 

These being in great part already spoken of, it will Ui 
necessary to consider only such as belong to the telescope. 

To Replace the Cross Wires. — Take out the eye-piec^ 
tube, together with the little ring by which it is centered, 
and having removed two opposite cross-wire screws, with 
the others turn the ring until one of the screw holes \k 
brought into view from the open end of the telescope tube, 
in this thrust a stout splinter of wood or a small wire so as 
to hold the ring when the remaining screws are withdrawn ; 
the ring is then taken out and is ready for the wires. 

For these the web of the spider is to be preferred above 
any thing else, but when this is not obtainable, a fine silk 
fibre may be substituted. 

We usually procure our webs from the living manufacturer 
directly, selecting those of a yellowish-brown color, as fur- 
nishing the most perfect product. 

The spider being held between the thumb and finger of an 
assistant, in such position as to suffer no serious injury, and 
at the same time be unable to make any efiectual resistance 
with his extremities, the little fibre may be drawn out at 
plc^asure, and being placed in the fine lines cut on the surfac« 
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pf the diaphragm, is then firmly cemented to its place by 
applying softened beeswax with the point of a knife blade 

In case the spider is not procurable, a fine strand of a 
web which is free from dust, and long enough to Eierve for 
both wires, may be selected. 

In such times as the spiders remain in their winter quar^ 
ters, we have been able to procure very good fibres from a 
box in which a number had been confined. 

When the wires are cemented, the ring is returned to its 
position in the tube, and either pair of screws being insert- 
ed, the splinter or wire is removed, and the ring turned until 
the other screws can be replaced. 

Care must also be taken that the same side of the ring is 
turned to the eye-piece as before it was removed. 

When this has been done, the eye-tube is inserted, and its 
centering ring brought into such a position that the screws 
in it can be replaced, and then by screwing on the end of tjie 
telescope, the little cover into which the eye-tube is fixed, 
the operation will be completed. 

To Clean the Telescope. — The only glasses that will ordi- 
narily require cleaning, are the object-glass on its outside 
surface, and the little eye-lens^ which is exposed when the 
cap of the eye-tube is removed. 

To remove the dust from these use a very soft and clean 
silk or cotton cloth, and be careful not to rub the same pari 
of the cloth a second time on the surface of the glass. 

No one should ever be allowed to touch the glasses with 
Uio fingers or with a dusty cloth. 

Excellencies of the Vernier Transit, 
These are due chiefly to the telescope and its attachments, 
and from what has already been said, it will appear are such 
as to render this instrument greatly superior to one provideii 
writh the ordinary sights. 

1. The magnifying power of the telescope enables the sur 
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veyor to take accurate observations at distances entirely 
beyond the reach of the naked eye. 

2. The fine intersection of the cross-wires can be set pre- 
cisely upon the centre of the object. 

3. The revolving property of the telescope gives the means 
i)f running long lines up or down steep ascents or descents 
with perfect ease, where, with the short sights of the ordi- 
nary compass, two or three observations would have to be 
taken. 

4. The use of a telescope entirely avoids the incessant trying 
of the eyes, experienced in surveys with the ordinary sights. 

5. With the telescope, lines can be run through the forest 
or brushwood, and the flagstaff distinguished with much 
greater certainty than through the sights of a compass. 

This statement may appear very unreasonable to those not 
familiar with the instrument, and these, in fact, raise the 
greatest objection to a telescope, from its supposed unfitness 
for surveys in such locations. 

They have only to use it a few times in this kind of work, 
in connection with a flagstaff, painted 'white or covered with 
paper, to distinguish it from the surrounding objects, to be 
convinced of its great superiority. 

In the Vernier Transit, as furnished by us, is supplied, as 
we believe, to the surveyor the most perfect of all needle 
instruments, and this at a cost but little above that charged 
by other makers for a stght compass. 

The advantages of the telescope and its attachments are 
so great that a surveyor, accustomed to them, would find it 
difficult to content himself with the ordinary compasfi, and 
such in fact is the universal testimony of those familiar with 
the Vernier Transit. 
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Sizes of the Vernier Transit. 

We make three sizes, having respectively needles of four 
five and six inches long. 

The telescopes of our five and six inch transits, are hotk 
eleven inches long, and reverse at either end ; the telescope of 
the four inch size is about seven inches, and the whole instru* 
ment very light and portable. 

Weights of the Vernier Transits, 

The average weights of the different sizes, not including the 
tripods are, for the four inch instrument, five pounds ; the fire 
inch| eight and a half, and the aix inch, eleven pounds. 
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N"eedle Instrnineiits. 
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We haye now described the instaniments included under the 
division termed Needle Instrumeuts, iu the beginning of this 
work. 

As there stated, the Plain and Vernier Compasses and the Ver- 
nier Transit depend for their accuracy and value, mainly upon 
the perfection of movement of the magnetic needle. 

With such instruments, the greater part of the surveying in 
our country has been, and will for a long time in the future, con- 
tinue to be done. 

And though with the improvements made in these instruments, 
a good surveyor may, with great oare and skill, do work with a 
surprising degree of accuracy and perfection, yet all needles ore 
liable to many irregularities. 

Imperfections of the Needle. 

These may arise either from the loss of magnetic virtue in the 
poles, the blunting of the centre-pin, or the attraction exerted 
upon it by bodies of iron, whose presence may be entirely unsus- 
pected. 

The first two of these errors may be easily remedied in the 
manner we have described. 

LocAii Attbachon. — The third and most frequent source of 
inaccuracy, may be detected by taking back sights, as well as 
fore sights, upon'every line run with the needle, and by the 
agreement of the bearings, determining the true direction of the 
liue. 

Sometimes a compass may have little particles of iron concealed 
within the surface of the metal circle or plates. 
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It is the business of the maker to examine every instrn- 
ment, in search of this defect, by trying the reversion of the 
needle upon all points of the divided circle. 

If the needle should fail to reverse, when the compass is 
turned half around, and the sights directed a second time 
upon any object, the instrument should be thrown aside and 
never sold. 

Besides the dificulties caused by the above imperfections, 
the variation of the needle is a frequent source of annoyance. 

What is termed the secular variation, we have already 
mentioned in our acccount of the Vernier Compass, lye will 
now speak of the 

Diurnal Variation. — This is owing to the influence of the 
sun, which, in summer, will cause the needle to vary from 
ten to fifteen minutes in a few hours, when .exposed to its 
fullest influence. 

To guard against these causes of inaccuracy in the use of 
needle instruments, the surveyor will need the greatest care 
and attention ; and yet, with all the precautions than can be 
suggested, the diflSculty of measuring horizontal angles with 
certainty, and to a sufficient degree of minuteness by the 
needle alone, has caused a demand to be felt more and more 
sensibly in all parts of the country for instruments, in the 
use of which the surveyor may proceed with assui*ed accu- 
racy and precision. 

Indeed, in Canada, so great is the distrust of needle in- 
struments, that the Provincial Land Surveyors are forbidden 
to use an instrument in their land surveys, unless it is capable 
of taking angles independently of the needle. 

To supply the demand thus created for increased perfection 
in the implements of the surveyor, we manufacture a variety 
'^f instruments ; three of which we shall now describe under 
the names of The Railroad Compasa, The Surveyor's Transit 
and the Solar Compaaa. 
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Surveying Instraments. 



THE RAILROAJ COMPASS. 
Fig. 10. 



As ehown in Fig. 10, this instruaient has the main plate, 

levels. Bights, and needle of the ordinar; instrument, and 

has also underoeatli the main plate a divided circle or limb 

' by vhich horizontal angles to single minutes can be taken 

independently of the needle. 

The verniers are attached to the under surface of the main 
plate the openings through 'Vrhioh they are seen being covered 
with slips of glnss to protect the divisions from dust and 
moisture; only one of the verniers is shown in the cut. 

The counectio[i between tlic twn plates is made by a clamp 
and tangent movement shown at e, by whichthey can be ra» 
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Icned together or released at will, or moved slowly around 
each other as may be desired in the use of the compass. 

The needle lifting screw is shown near the clamp screw, 
on the same end of the plate. 

On the opposite side of the compass circle is seen the head a 
of a pinion working into a circular rack fixed to the edge of 
the compass circle, and thus enabling the surveyor to move the 
compass circle about its centre in setting off the variation of 
the needle, precisely as in the case of the vernier compass. 
^ The variation is read to single minutes by a vernier and 
divided arc, partially shown near the letter S in the cut. 

Near the pinion head is also shown a clamp screw, by which 
the circle is securely fixed when moved to the proper position. 

The sockets upon which the plates of this instrument turn 
are long and well fitted, and the movement of the vernier 
plate around the limb is almost perfectly free from friction. 

The graduated circle or limb is divided to half degrees, 
and figured in two rows, viz : from 0^ to 90^, and from 0^ to 
860^; sometimes but a single series is used, and then the 
figures run from 0° to 360*^, or from 0^ to 180® on each side. 

The figuring, which is the same upon this as in the other 
angular instruments we shall hereafter describe, is varied 
when desired by the surveyor. The first method is our 
usual practice. 

The Verniers are double, having on each side of the zero 
mark thirty equal divisions corresponding precisely with 
twenty-nine half degrees of the limb; they thus read to 
single minutes, and the number passed over is counted in 
the same direction in which the vernier is moved. 

The use of two opposite verniers in this and other instru- 
ments gives the means of ** cross questioning" the gradua- 
tions, the perfection with which they are centered and the 
dependence which can be placed upon the accuracy of the 
Jinnies indlcatod. 
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Thi Needle of this instrument is five or five and ahalf inclies 
long, and made precisely like those previously described. 

The Adjustj^ents of this instrument, with which the sur- 
veyor will have to do, have been already described. 

To use the Railroad Compass, 

It can be set upon the common compass ball, or still better, 
the tangent ball already described, placed cither in a Jacob- 
staff socket, a compass tripod, or the leveling socket and 
tripod as shown with the solar compass. 

We have also adapted to many of these instrumeuts, the 
leveling tripod head, with clamp and tangent movement, and 
this is preferable to any other support. 

To TAKE Horizontal Angles. — First level the plate and 
set the limb at zero, fix the sights upon « one of the objects 
selected, and clamping the whole instrument firmly to the 
spiadle, unclamp the vernier plate and turn it with the hand, 
until the sights are brought nearly upon the second object ; 
then clamp to the limb, and with the tangent screw fix them 
precisely upon it. 

The number of degrees and nainutes read off by the vernier, 
will give the angle between the two objects, taken from the 
eentre of the instrument. 

It will be understood that the horizontal angles can be 
taken in any position of the verniers, with reference to the 
zero point of the limb ; we have given that above as being 
the usual' method and liable to the fewest errors. 

It is advisable where great accuracy is required, in tjiis 
and other instruments furnished with two verniers, to obtain 
the readings of the limb from both, add the two together and 
halve their sum ; the result will be the mean of the two 
readings, and the true angle between the points observed. 

Such a course is especially necessary when the readingg 
of the verniers essentially disagree, as may sometimes hap» 
i«cn when the instrument has been injured by an accident 
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Use of the Needle. — In taking horizontal atiglcs as just 
described, the magnetic bearings of the two objects are 
often noted, and thus two separate readings of the same 
angle, one by the limb, the other by the needle, are obtained, 
to be used as checks upon each other to prevent mistakes. 

To Turn off the Variation of the Needle. — Having leveled 
the instrument, set the limb at zero, and place the sights 
upon the old line, note the reading of the needle, and make 
it agree with that given in the field notes of the former 
survey, by turning the compass circle about its centre i>y 
the pinion a. 

Now, clamp the compass circle firmly by the clamp screw, 
and the number of degrees or minutes passed over by the 
vernier of the compass circle will be the change of variation 
in the interval between the two surveys. 

To Survey with this instrument, the operator should turn 
the south side of the compass face towards his person, and 
having brought the zeros of the limb and vernier plate in 
contact, clamp them, and proceed as directed in our account 
of the Plain Compass. 

Of course it will be understood that lines can be run and 
angles measured by the divided limb and verniers, entirely 
independent of the needle, which, in localities where local 
attraction is manifested, is very serviceable. 

The accuracy and minuteness of horizontal angles indi- 
cated by this instrument, together with its perfect adapta- 
tion to all the purposes to which the Vernier Compass can 
be applied, have brought it into use in many localities, 
where thr land is so valuable as to require more careful sur* 
ve^^s than are practicable with a needle instrument. 
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Single Vernier Bcdlroad Compass. 

We have introduced a new style of this instrument essentially 
like that already described, but of somewhat simpler construc- 
tion in its sockets, and haying but a single vernier to the 
limb. 

This new instrument, though afforded at a price materially 

lower than the other, is still in every way accurate and reliable. 

^ze and WelghJt of the BaUroad Compass, Single Vernier. 

We make two sizes of this instrument, viz.: five, and 
five and a half inch needle; the largest size, including the 
brass head of the Jacob staff, weighing ten and a half 
pounds, and the five inch, ten pounds. 

Size and Weight of the BaUroad Compass, Dottle Vernier. 

We make two sizes of this instrument, viz. : five, and five 
and a half inch needle; the largest size, including the brass 
head of the Jacob staff, weighing eleven pounds, and the 
five inch, ten and a half pounds. 

We invite especial attention to the different styles of our 
Bailroad compasses, believing that in many respects they are 
very much superior to any other compass made, having a hori* 
lontal limb, and an arrangemeixt by which the variation of the 
needle can be so readily set off and ascertained. 
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THE SURVEYOR'S TRANSIT. 

This instrument shown in the engraving on the opposite 
page, is in principle very similar to the instrument just de- 
scribed, differing from it mainly in the substitution of the 
telescope with its appendages, for the ordinary compass 
sights. 

Thf Telejjcope is of somewhat finer quality than that used 
with the Vernier Transit; as here shown, it is furnished with 
a level, having a ground bubble tube and a scale; and also a ver- 
tical circle connected with its axis. 

The Standards are made precisely like those of .the Vernier 
Transit, the bearings of the axis of the telescope being con • 
ical, and fitted with the utmost nicety; there is also in one 
of them the moveable piece for the adjustment of the wires 
to the tracing of a vertical line. 

The Spirit Levels are placed upon the upper surface of the 
vernier plate, one being fixed on the standard so as not to 
obstruct the light which falls on the vernier opening beneath. 

Both levels are adjustable with the ordinary steel pin. 

The Needle is like that of the previous instrument, and 
is five inches long, as shown. 

The Vernier Plate, which carries the verniers and telo 
scopes, is made to move with perfect ease and stability, 
around the graduated circle or limb, and horizontal angles 
are taken to single minutes; the variation of the needle is 
also set off by the pinion and clamp screw, as described in 
the account of the previous instrument. 

The Verniers, as in all our angular instruments, are double, 
reading either way from the centre mark, and to single 
minutes of a degree. 

There are two verniers, placed on opposite sides of the 
instrument at right angles to the telescope; only one of 
these is shown in the cut. 
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The Divided Circle, or limb, is graduated to half degreeA^ 
reads to minutes by the verniers, and is figured as described 
before. 

The Clamp and Tangent movement of the vernier plate is 
ihe same as that of the Bailroad Compass; it is well 
shown in the figure. 

The Leveling Head. — ^This instrumenty as shown in the 
engraving, is generally used on a tripod. 

The Light Leveling Tiiii*od, used with the Surveyor's Tran- 
sit, is well shown in the engraving. As there seen, there are 
nuts screwed in to the upper parallel plate, so ad to give a 
long bearing for the four leveling screws. 

The under plate supports the feet of the screws, and has 
beneath a cavity or bowl, in which moves a hemispherical 
nut screwed to the spindle of the tripod. 

This nut serves both to connect the plates together, and 
as a pivot on which the upper plate is turned by the leveling 
screws. 

The under parallel plate has also a screw on the under side, 
by which the tripod head may be disconnected from the legs, 
and packed in the box with the instrument. 

The leveling screws are made of bell metal, have a large 
iouble milled head, and a deep screw of about forty threads 
to the inch; their ends set into little brass cups, so that the 
acrews are worked without indenting the under plate. 
Sometimes a piece of leather is put in place of the cups. 

The leveling screws are entirely covered above by little 
caps which screw over the upper side of the nut. 

When the screws are loosened, the upper plate can be 
shifted around, so as to bring the leveling screws in any po- 
sition, with reference to the plates and telescope of the in- 
strument. 

The clamp and tangent screws are seen on the upper plate 
of the tripod. In place of the single tangent screw, we have. 
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ill all oar ioBtruments, Bubstitiited tho double tangcnl mcve- 
mCDt, OB shown in the eDgraving'. 

The spindle of the tripod bead riBes above the tipper plate, 
and the instrnment can be removed from it, by pulling ont 
a little pin made to epring into a groove, and thua keep the 
iustrumeat from falling, when the tripod is carried upon the 
shoulder. 

In tha iower end of the spindle and underneath the plates, 
is screwed the loop for attaching the string of the plumb-bob 
To Level the Tbipod, the engineer takes hold of the oppo 
site screw beads with the thumb and fore finger of each hand, 
and turning both thumbs in or out, as may be necessary, 
raises one aide of the upper parallel plate and depresses the 
other, until the desired correction is made. 

Shifting Fi,ate to Leveliko Tripod Head. — ^In this ar- 
rangement, 08 shown 
in the cut, the lower 
leveling-plfite is made 
op or two separate 
pieces, the priocipid 
. one screwing on the 
' plate to which the l^s 
are connected, and the 
smaller, or ahifUng 
^ piece, in which the 
I J hemiaphetical n at, 

connecting the Htem 
of the Ipveling head, 
I tDTDB— as the plates 
1 areleveled in ordinary 

It will be readily seen that when the point or the plummet ftiUs l« either 
rtde ot a desired point, that by loosening the leveling Bct«ws, the little 
plate, and the whole instrument with it, can be easily moved in any dt- 
recOon, and thna the plummet brought precisely upon the desired point, 
without discorbing the tripod legs. The plate admits of about one inch 
moTemenL 

Ajuvwnsa Socket, a beantiful arrangement foroccaBiooal 
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uso iu place of the leveling tripod, in cases where greatei 
lightness and rapidity of adjustment are desired, is shown io 
the adjusting socket, described in the account of the Solai 
Oompass. 

To adjust the Surveyor's Transit. 

The Levels are adjusted with a steel pin as those of the 
Vernier Transit, and it need only be added here, that in this, 
as well as other instruments having two plates, moving upon 
sockets independent of each other, the levels, when adjusted 
on one plate, should still keep their position when both are 
clamped together and turned upon a common socket. 

Otherwise, however accurately the telescope might trace 
a vertical line, when r^^olved upon the socket of one plate, 
it would give a very different result as soon as the position 
of the other plate was changed. 

The Needle and telescope with its other attachments being 
adjusted, as described in our account of the Vernier Transit, 
we shall. hei*e consider only that of the 

Levsl on Telescope. — For the adjustment of this attach- 
ment we shall give two methods, the first being that usually 
practiced by us. 

1. First level the instrument carefully, and with the clamp 
and tangent movement to the axis,' make the telescope hori- 
Eontal as near as may be w;ith the eye, then having the line 
of collimation previously adjusted, drive a stake at a con- 
venient distance, say from one to three hundred feet, and 
note tiie height cut by the horizontal wire, upon a staff sot 
un the top of the stake. 

Fix another stake in the opposite direction, and at tbo 
same distance f^om the instrument, and without disturbing 
the telescope, turn the instrument upon its spindle, set the 
staff upon the stake, and drive in the ground, until the same 
height is indicated as in the fiist observation. 

The top of the two stakes will then be in the same hori> 
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eontal line, however much tbe telescope may be out oi 
level. 

Now remove the instrument from fifty to one hundred feet 
lo one side of either X)f the stakes, and in line with both ; 
again level the instrument, clamp the telescope as nearly 
aorizontal as may be, and note the heights indicated, upon 
the staff placed first upon the nearest, and then upon the 
most distant stake. 

If both agree, the telescope is level ; if not, with the 
tangent screw move the wire over nearly the whole error, as 
shown at the distant stake, and repeat the observation as 
just described. Proceed thus until the horizontal wire will 
indicate the same height at both stakes, when the telescope 
will be truly horizontal. 

Taking care not to disturb its position, bring the bubble 
into the centre by the little leveling nuts at the end of the 
tube, when the adjustment will be completed. 

2. Choose a piece of ground nearly level, and having set 
the instrument firmly, level the plates carefullyi and bring 
the bubble of the telescope into the centre with the tangent 
screw. Measure in any direction from the instrument, from 
one to three hundred feet, and drive a stake, and on the stake 
9et a staff and note the height cut by the horizontal wire, 
then take the same distance from the instrument in an oppo 
site direction, and drive another stake. 

On that stake set the staff and note the height cut by the 
wire when the telescope is turned in that direction. 

The <?ifference of the two observations is evidently the 
difference of level of the two stakes. 

Set the instrument over the lowest stake, or that upon 
which the greatest height was indicated, and bring the 
.evels on the plates and telescope into adjustment as at first 

Then with the staff, measure the perpendicular distance 
from the top of tbe stake to the centre cf one of the horizontal 
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cross wire screw heads ; from that distance subtract the dif 
ference of level between the two stakes and mark the point 
on the staff thus found ; place the staff on the other stake, 
and with the tangent screw bring the horizontal wire to the 
mark just found, and the line will be level. 

The telescope now being level, bring the bubble of the 
level into the centre, by turning the little nuts at the end of 
the tube, and noting again if the wires cut the point on the 
staff; screw up the nuts firmly and the adjustment will te 
completed. 

With such a level carefully adjusted, the engineer, by tak- 
ing equal fore and back sights, can run horizontal lines with 
great rapidity, and a good degree of accuracy. 

To use the Surveyor's Transit, 

In surveying with this instrument, the plates must be set so 
that the zeros of the circle and the verniers correspond, and 
firmly clamped together, the eye end of the telescope being 
placed over the south side of the compass circle, in the posi 
tion shown in the engraving. 

The surveyor may then proceed precisely as with the plain 
compass. 

To TURN OFF Angles. — When angles are to be measured 
independently of the needle, proceed precisely as directed in 
the d'>scription of the Eailroad Compass. 

The Variation of the Needle is also set off as mon« 
cloned in our account of that instrument. 

Sizes of the Surveyor's Transit, 
We make three sizes of this instrument, the weights and 
dimensions of limb of each being as follows: 

4 inch needle horizontal limb, 6 in diameter, weight 12i lbs, 

5 «« •' 6i " " 15 lbs. 

(Leveling head inoluded in weight) 
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Single Vernier Surveyoi^s Transit, 

We have just introduced a modification of this favorit* 
instrument, by which, with a lighter socket and one doable 
vernier to the limb, we furnish all the capabilities of the more 
costly instrument, at a material reduction in price. 

We make four sizes of this transit, of the same dimensions 
08 those having two verniers to the limb; the engraving 
opposite represents the one with five inch needle, having also 
a level attached to telescope, with clamp and tangent to axis. 

This instrument may be used on the ball spindle and com- 
pass tripod, like the Vernier Transit, but like other transitH 
should also be furnished with the usual leveling tripod. 
Sizes and Weights of Single Yer^der Surveyor's Trajisit, 

4 indi needle, -with leveling head, withont tripod, 12 lbs. 
4>^ " " " 13>nbs. 

5 " •• " 14 lbs. 
6>i " " " 16 lbs. 

The Single Vernier Surveyor's Transit, from its lightness, 
excellence, and cheapness, has well supplied a need long 
felt by engineers and surveyors, in furnishing an instrument 
suitable for accurate work at a very reasonable cost. 

Merits of the Surveyor's Transit, 

In this instrument, as just described, the surveyor will 
recognize advantages not possessed by any other instrument 
with which we are acquainted. 

Combining the capabilities of a needle instrument, with a 
fine telescope, and the accuracy of a divided limb and verniers, 
and having also the means for turning off the variation of the 
needle ; it is for a mixed practice of accurate surveying and 
engineering,' such indeed ab is required by most city engineers, 
the best instrument ever constructed. 

The peculiar construction of the sockets and plates of this 
instrument is entirely our own invention, and we feel the 
utmost confidence in recommending it to all whose practice ia 
such as to require the use of the needle combined with that of 
the divided circle and verniers. 
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THE SOLAR COMPASS. 

Tliis instrument, so ingeniously contrived for readily deter 
mining a true meridian or north and south line, was invented 
by William A. Burt, of Michigan, and patented by him in 1886 

It has since come into general use in the surveys of U. S. 
public lands, the principal lines of which are required to bi» 
ran with reference to the true meridian. 

The invention having long since become the property of 
the public, we have given our attention to the manufacture 
of these instruments, and are now prepared to furnish them, 
with important improvements of our own devising, at greatly 
reduced prices. 

Our improved Solar Compass, one form of which is shown in 
the engraving, has nearly the same arrangement of plates, with 
divided circles, verniers, and sockets, as the Railroad Compass. 

The Solar Apparatits. 

The Solar Apparatus is seen in the place of the needle, 
and in fact operates as its substitute in the field. 

It consists mainly of three arcs of circles, by which can 
be set off the latitude of a place, the declination of the sun, 
and the hour of the day. 

These arcs, designated in the cut by the letters a, 6, and 
Cf are therefore termed the latitude,, the declination,, and the 
hcur arcs respectively. 

The Latituixe Arc, a, has its centre of motion in two pivots 
one of which is seen at d, the other is concealed in the cut. 

It is moved either up or down within a hollow arc, seen 
in the cut, by a tangent screw at/, and is securely fastened 
in any position by a clamp screw. 

The Latitude arc is graduated to quarter degrees, and 
reads by its vernier, e, to single minutes ; it has a range of 
about thirty-five degrees, so as to be adjustable to the lati 
ludc of any place in the United States. 
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The Peclwawon Arc, 6, is also graduated to quarter 
•< agrees, and has a range of about twenty-four degrees. 

Its vernier, v, reading to single minutes, is fixed to a 
movable arm, /i, having its centre of motion in the eentro 
of the declination arc at g ; the arm is moved over the sur 
face of the declination arc, and its vernier set to any reading 
by turning the head of the tangent screw, h. It is also securely 
clamped in any position by a screw, concealed in the engraving 

Solar Lenses and Lines. — At each end of the arm, A, is a 
rectangular block of brass^ in which is set a small convex 
lens, having its focus on the surface of a little silver plate, 
fastened by screws to the inside of the opposite block. 

The silver plate, with its peculiar lines, will be referred to 
more particularly hereafter. 

Equatorial Sights. — On the top of each of the rectangular 
blocks is seen a little sighting piece, termed the equatorial 
sight fastened to the block by a small milled head screw, so 
as to be detached at pleasure. 

They are used, as will be explained hereafter, iu adjusting 
the different parts of the solar apparatus. 

The Hour Arc, c, is supported by the two pivots of the 
latitude arc, already spoken of, and is also connected with 
that arc by a curved arm, as shown in the figure. 

The hour arc has a range of about 120^, is divided to half 
degrees, and figured in two series ; designating^ both the 
hours and the degrees, the middle division being marked 13 
and 90 on either side of the graduated lines. 

The Polar Axis. — Through the centre of the hour arc 
passes a hollow socket, p, containing the spindle of the 
declination arc, by means of which this arc can be moved 
from side to side over the surface of the hour are, or turned 
completely round as may be required. 

The hour arc is read by the lower edge of the graduated 
side of the declination arc 
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l^e axis of the declination arc, or indeed the whole socket 
Pf is appropriately termed the polar axis. 

The Adjuster. — ^Besides the parts shown in the cut, there 
is also an arm used in the adjustment of the instrument as 
described hereafter, but laid aside in the box when tiiat is 
effected. 

The parts just described constitute properly the solar 
apparatus. 

Besides these, however, are seen the needle box, n, witli 
its arc and tangent screw, t, and the spirit levels, for bringing 
the whole instrument to a horizontal position. 

The Needle Box, n, has an arc of about 36^ in extent, 
divided to half degrees, and figured from the centre or zero 
mark on either side. 

The needle, which is made as in other instruments, except 
teat the arms are of unequal lengths, is raised or lowered 
by a lever shown in the cut. 

The needle box is attached by a projecting arm to a tan- 
gent screw, tf by which it is moved about its centre, and its 
needle set to any variation. 

This variation is also read oflF by the vernier on the end of 
the projecting arm, reading to single minutes a graduated 
wc, attached to the plate of the compass. 

The Levels seen with the solar apparatus, have ground 
glass vials, and are adjustable at their ends like those of our 
other instruments. 

The edge of the circular plate on which the solar work is 
placed, is divided and figured at intervals of ten degrees, and 
numbered, as shown, from to 90 on each side of the line of 

sight. 

These graduations are used in connection with a little 
brass pin, seen in the centre of the plate, to obtain approxi- 
mates bearings of lines, which are not important enough tc 
require a close observation. 
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Lines of Refraction. — The inside faces of the sights are 
also gradaated and figured, to indicate the amount of re- 
fraction to be allowed when the sun is near the horizon. 
These are not shown in the cut. 

The Horizontal Limb in all our Solar Compasses is divided 
upon silver, and reads by two opposite verniers to single 
minutes of a degree, the number of minutes being counted 
off in the same direction in which the vernier moves. 

Definition of Astronomical Terms. 

Before proceeding to describe the principles and adjust- 
ments of this instrument, a brief statement of the terms 
employed may here be appropriately made. 

The Sun is the centre of the solar system, remaining con- 
stantly fixed in its position, though, for the sake of conve- 
nience, often spoken of as in motion around the earth. 

The Earth makes a complete revolution around the sun in 
366 days, 6 hours, very nearly. 

It also rotates about an imaginary line passing through 
its centre, and termed its am, once in twenty-four hours, 
turning from west to east. 

The Poles are the extremities of the axis ; that in our 
own hemisphere, known as the north pole, if produced in- 
definitely towards the concave surface of the heavens, would 
reach a point situated near the polar star, and called the 
north pole of the heavens. 

The Equator is an imaginary line passing around the earth 
equi-distant from the poles, and at right angles with them. 

If the plane of the equator is produced to the heavens, it 
forms what is termed the equator of the heavens. 

The Orbit of the earth is the path in which it moves in 
making its yearly revolution. 

If the plane of this orbit were extended to the heaven*;, it 
would form the ecliptic or the sun's apparent path in the 
heavens. 
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The earth's axis is inclised to its orbit at an angle of 
about 23^ 28', making the angle between the earth's orbit 
and its equator^ or between the celestial equator and the 
ecliptir of the same amount. 

The Equinoxes are the two points in which the ecliptic 
and the celestial equator intersect each other. 

The Decunation of the sun is its angular dislstnoe north 
or south of the celestial equator ; when the sun is at the 
equinoxes, that is about the 2 1st of March and the 21st of 
September of each year, his declination is 0, or he is said to 
be on the equator; from these points his declination increases 
from day to day, and from hour to hour, until, on the 2 1st oi 
June and 21st of December, he is 23^^ 28' distant from the 
equator. 

It is the declination which causes the sun to appear so 
much higher in summer than in winter, his altitude in the 
heavens being in fact nearly 41^^ more on the 21st of June 
than it is on the 21st of December. 

The Horizon of a place is the surface which is defined by 
a plane supposed to pass through the place at right angles 
to a vertical or plumb line, and to bound our vision at the 
surface of the earth. 

The horizon or a horizontal surface is determined by the 
surface of any liquid when at rest, or by the spirit levels ot 
an instrument. 

The Zenith of any place is the point directly over head, 
at right angles to the horizon. 

The MERn)iAN of any place is a great circle passing through 
the zenith of a place, and the poles of the earth. 

The me;idian, or true north and south line of any place la 
the line determined by the intersection of the plane of the 
meridian circle with the plane of the horizon. 

The Meridian Altitude of the sun is its angular -eleyation 
above the horizon, when passing the meridian of a place 
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Tab Latetudb of a place is its distance north, or soath of 
the equator, measured on a meridian. At the eqoator the 
latitude is 0"", at the poles 90^. 

Tiis Longitude of a place is its distance in degrees or in 
time, east or west of a given place taken as the starting 
point or first meridian; it is measured on the equator or any 
parallel of latitude. 

In the Nautical Almanac, which is commonly used with 
the Solar Compass, the longitude of the principal places in 
the United Statea is reckoned from Greenwich, England, and 
expressed both in degrees and hours. 

The Zenith Distance of any heavenly body, is its angular 
distance north or south of the zenith of a place, measured 
when the body is on the meridian. 

Suppose a person situated on the equator at the time of 
the equinoxes, the sun, when on the meridian, wontld be in 
the zenith of the place, and the poles of the earth would, of 
course, lie in the plane of his horizon. 

Disregarding for the present the declination of the sun, 
let us suppose the person travels towards the north pole. 

As he passes to the north, the sun will descend from the 
zenith, and the pole rise from the horizon in the same propor- 
tion, until when he arrives at the north pole of the earth, 
the sun will have declined to the horizon, and the pole of the 
heavens will have reached the zenith. 

The altitude of the pole at any place, or the distance of 
the sun from the zenith, would in the case supposed, give 
the observer the latitude of that place. 

If we now take into account the sun's declination, it would 
increase or diminish its meridian altitude, according as it 
passes north or south of the equator ; but the declination of 
the sun at any time being known, its zenith distance, and 
therefore the latitude of the place, can be readily ascertained 
by an observation made when it is on the meridian. 
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As we shall see hereafter, it is by this method that we 
Dbtain the latitude of any place by the Solar Compass. 
• Time. — A solar day i& the interval of time between the 
departure of the sun from the meridian of a place, and its 
succeeding return to the same position. 

The length of the solar day, by reason of the varying 
velocities of the earth in its orbit, and the inclination of its 
axis, is continually changing. 

In order to have a uniform measure of time, we have 
recourse to what is termed a mean solar day, the length of 
which is equal to the mean or average of all the solar days 
In a year. 

The time thus given is termed mean time, and is that to 
which clocks and watches are adjusted for the ordinary 
business of life. 

The sun is sometimes faster, and sometimes slower, than 
the clock, the difference being termed the equation of time. 

The moment when the sun is on the meridian of any place 
is termed apparent noon, and this being ascertained, we can, 
by referring to the equation of time for the given day, and 
adding to, or subtracting from, apparent noon, according 
as the sun is slow or fast, obtain the time of mean noon, by 
which to set the watch or chronometer. 

Difference of Longitude. — As the earth makes a complete 
rotation upon its axis once a day, every point on its surface 
must past over 360° in 24 hours, or 15^ in one hour, and so 
on in the same proportion. 

And as the rotation is from west to east, the sun would 
come to the meridian of every place 15° west of Greenwich, 
just one hour later than the time given in the Almanac, for 
apparent noon at that place. 

To an observer situated at Troy, N. Y., the longitude ol 
which is in time 4 hours 54 minutes, 40 sec, the sun would 
come to the meridian nearly five hours later than at Green- 
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wich, and thus when it was 12 M. at that place, it would be 
he but about 7 o'clock A. M. in Troy. 

Refraction. — By reason of the increasing density of the 
atmosphere from its upper regions to the earth's surface, the 
rays of light from the sun are bent out of their course, so as 
to make his altitude appear greater than is actually the case. 

The amount of refraction varies, according to the altitude 
of the body observed ; being when it is in the zenith, 
about one minute when midway from the horizon to the 
zenith, and almost 34' when in the horizon. 

To indicate the amount of refraction to be allowed in 
observations with the solar compass, the sights have -on 
their inside faces a number of lines, marked at intervals, 
and figured so as to read off the degree of refraction of the 
sun or other body, when seen directly over the top of one 
sight, by the eye placed on the other at the height marked 
by the line of refraction. 

Effect of Incidental Refraction. — It will be seen by 
referring to the instrument, that the effect of the ordinary 
refraction, which to distinguish from meridional refraction, 
w^e will term incidental^ upon the position of the sun's image 
with reference to the equatorial lines, which, in fact, are the 
only ones to l)e regarded in running lines with the Solai 
Corrpass, is continually changing, not only with the change 
ol latitude, but also with that of the sun's declination from 
hour to hour, and the motion of the revolving arm as it fol- 
lows the sun in its daily revolution. 

If the equatorial lines were always in the same vertical 
plane with the sun, as would be the case at the equator at 
the tii\e of the equinoxes, it is evident that refraction would 
have no effect upon the position of the image between these 
lines, and therefore would not be of any importance to the 
surveyor. 

But as wo proceed further north, and as the sun's declina^ 
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tion to the south increases, the refraction also inci^eases, and 
must now be taken into account. 

Again the angle which the equatorial lines mak3 Ivith the 
horizon is continually changing as the arm is made to follow 
the motion of the sun during the course of a day. 

Thus in the morning and evening they are more or less 
inclined to the horizon, while at noon they are exactly 
parallel to it. 

And thus it follows that the excess of refraction at mora 
ing and evening is in some measure balanced by the fact 
that the position of the sun's image with reference to the 
equatorial lines is then less affected by it, on account of the 
greater inclination of the lines to the horizon. 

Besides the causes already mentioned as modifying the 
effect of refraction, we may add that of the numerous changes 
in the atmosphere ; and when all these are considered, it 
will be seen that any idea of calculating the amount and 
influence of refraction with certainty may well be abandoned. 

The best than can be done, is to estimate and allow for ii 
as a little experience will suggest during morning anc^ 
evening, and disregard it entirely for the rest of the day. 

We shall give the practice of government surveyors in 
allowing for refraction, when we come to speak of the man- 
ner in which the Solar Compass is used. 

Thb Meridional Refraction of the sun is that by which 
bis position is affected when on the meridian. 

It varies of course, with the varying meridional altitudes 
of the sun, and in all places in north latitude must be added 
to the declination when it is north, and subtracted when it is 
Bouth, in order to obtain the true declination for the given day. 

Iliis is done for the starting hour as will be hereafter 
described, and is carried through the other hours of the day 
without further addition. 

To obtain tlie meridional refraction of the sun for a given 
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day and place we first asoertain the meridional altitude of 
the sun on that day, and^ then refer to a table of refrac- 
tions in Burt's Key to the Solar Compass, or Clevenger's 
Government Surveying,* to find the amount of refraction 
corresponding to the angle thus obtained, which' will be 
the meridional refraction required. 

Thus to obtain the meridional refraction of the sun for 
April 16th, 1874, at Troy, N. Y., proceed as follows : 

Latitude of Troy 42° 44 

90—42^ 44'=47° 16' 
Declination April 16, which is north or-j- lO"" 9' 46' 

Gives a meridional altitude of 6T 25' 46" 
Referring now to the table of refractions we find the 
amount corresponding to the angle thus found to be 37", 
which is the meridional refraction for the given day, and is 
to be added to the declination, as will hereafter be seen. 

Again, let it be required to obtain the meridional refrac- 
tion at the same place, Oct. 16th, 1874, the declination now 
being in the contrary direction. 

Latitude of Troy 42° 44' 

90—42° 44=47° 16' 
Declination for Oct. 16, which is south or— 8° 55' 50" 



Gives a meridional altitude of 88° 20' 10' 

Referring again to the table, we find the refraction fo^ the 

meiidional altitude just found to be 1' 14", which is now to 

be subtracted from the declination for the given day, when 

it is set off upon the declination arc. 

As will be seen by both examples, the meridional refraction, 

though affecting the sun's declination by a constant quantity 

through the whole day, is yet of comparatively small amount, 

and in practice is often entirely disregarded, except by those 

surveyors engaged in running the great standard meridian* 

•nd parallels of latitude, or in testing their instruments. 

* See also p. 102 of this Mjmnal. 
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Principles of the Solar Compass. 

We are now prepared, to proceed to the explanation of the 
peculiar construction of the instrument we are considering. 

The little silver plate before referred to, is shown in detail 
in fig. 13. On its surface are marked two sets of lines inter- 
Fig. 13. secting each other at right angles ; of these, 
b b are termed the hour lines, and c c the 
j^ equatorial lines, as having reference respec- 
tively, to the hour of the day and the posi- 
tion of the sun, in relation to the equator. 

Below the equatorial lines are alt»o marked three other lines, 
which are five minutes apart, and are of service in making 
allowance for refraction, as will be hereafter explained. 

The interval between the two lines c, c, as well as between 
6, by is just sufficient to include the circular image of the sun, 
as formed by the solar lens, on the opposite end of the re- 
volving arm. 

When, therefore, the instrument is made perfectly hori- 
zontal, the equatorial lines and the opposite lenses being 
accurately adjusted to each other by a previous operation, 
and the sun's image brought within the equatorial lines, his 
position in the heavens, With reference to the horizon, wiF, 
be defined with precision 

Suppo&D the observation to be made at the time of one of 
the equinoxes ; the arm A, set at zero on the declination arc 
6, and the polar axis j?, placed exactly parallel to the axis ^ 
the earth. 

Then the motion of the arm h, if revolved on the spindle 
of the declination arc around the hour circle c, will exactly 
correspond with the motion of the sun in the heavens, on the 
given day and at the place of observation ; so that if the 
Bun's image was brought between the lines c c, in the morn- 
ing, it would continue in the same position, passing neithet 



nbove nor below the lines, as the arm wos made to reTclve 
ta imitation of the motion of the sun abou.t the earth. 

In the morning as the sun rises: from the horizon, the arm 
h will be in a position nearly at right angles to that shown 
in the cut, the lens being turned towards the sun, and the 
Bilver plate oa which his image is thrown directly opposite. 

As the sun ascends, the ai^m must be moved aromid, until 
when he has reached the meridian, the graduated side of th<5 
declination arc will indicate 13 on the hour circle^ and the arm 
h^ the declination arc 6, and the latitude arc a, will be in the 
same plane. 

As the sun declines from the meridian the arm h must be 
moved in the same direction, until at sunset its position will 
be the exact reverse of that it occupied in the morning. 

AuLOWANCE FOR DECLINATION. — Let US uow suppose the 
Qbservation made wheu the sun has passed, the equinoctial 
point, and when his position is affected by declination. 

By referring to the AUnanac, and setting off on the arc 
his declination for the given day and hour, we are still able 
to detf rmine his position with the same certainty as if he 
remained on the equator. 

When the sun's declination is south, that is from the 22d 
of September to the 20th of March in each year, the arc b is 
turned towards the plates of the compass, as shown in the 
engraving, and the solar lens, o, with the silver plato oppo- 
site, are made use of in the surveys. 

The remainder of the year, the arc is turned from the 
plateS; and the other lens and plate employed. 

When the Solar Compass is accurately adjusted, and its 
plates made perfectly horizontal, the latitude of the place, 
and the declination of the sun for the given day and hour, 
being also set off on the respective arcs, the image of th^ 
min cannot be brought between the equatorial lines until the 
polar axis is placed in the plane of the meridian of the place, or 
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Ml a pnrUion parallel to ike axis of the earth. The. sli;^htesl 
deviatic7i from this position will cause the image to pas9 
above or below the lines, and thus discover the erroi. 

We thus, from the position of the sun in the solai system, 
jbtain a certain direction absolutely unchangeable, from which 
to run our lines, and measure the horizontal angles required 

This simple principle is not only the basis of the construc- 
tion of the Solar Compass, but the sole cause of its superiority 
to the ordinary or magnetic instrument. For in a needle 
instrument, as before stated in this work, the accuracy of 
the horizontal angles indicated, and therefore of all the 
observations made, depends upon *' the delicacy of the needle, 
and the constancy with which it assumes a certain direction, 
termed the magnetic meridian,'' 

The principal causes of error in the neeclle as briefly 
stated, are the dulling of the pivot, the loss of polarity in 
the needle, the influence of local attraction, and the effect of 
the sun's rays, producing the diurnal variation. 

From all these imperfections the solar instrument is free. 

The sights and the graduated limb being adjusted to the solar 
apparatus, and the latitude of the place, and the declination 
of the sun also set off upon the respective arcs, we are 
able, not only to run the true meridian, or a due east and 
west course, but also to set off the horizontal angles with 
minuteness and accuracy from a direction which never 
changes, and is unaffected by attraction of any kind. 

To adjust the Solar Compass. 

The adjustments of this instrument, with which the sur- 
veyor will have to do, are simple and few in number, and 
will now be given in order. 

1st, To Adjust the Levels. — Proceed precisely as directed 
in the account of the other instruments we have described, 
by bringing the bubbles into the centre of the tubes by the 
leveling screws of the tripod, and then reversing the instru- 
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ment upon its spindle, and raising or lowering the ends ol 
the tubes, until the bubbles will remain in the centre during 
a complete revolution of the instrument. 

2d, To Aj)just the Equatorial Lines and Solar Lenses.— 
First detach the arm h from the declination arc by withdraw- 
ing the screws shown in the cut from the ends of the posts 
of the tangent screw, k, and also the clamp screw, and tho 
conical pivot with its small screws by which the arm ami 
declination arc are connected. 

The arm, h, being thus removed, attach the adjuster in its 
place by replacing the conical pivot and screws, and insert 
the clamp screw so as to clamp the adjuster at any point on 
the declination arc. 

Now level the instrument, place the arm h on the adjuster, 
with the same side resting against the surface of the decli- 
nation arc as before it was detached. Turn the instrument 
on its spindle so as to bring the solar lens to be adjusted in 
the direction of the sun, and raise or lower the adjuster on 
the declination arc, until it can be clamped in such a posi- 
tion, as to bring the sun's image as near as may be between 
the equatorial lines on the opposite silver plate, and bring 
the image precisely into position, by the tangent of the lati- 
tude arc, or the leveling screws of the tripod. Then care- 
fully turn the arm half way over, until it rests upon the 
adjuster by the opposite faces of the rectangular blocks, and 
again observe the position of the sun's image. 

If it remains between the lines as before^ tho lens and 
plate are in adjustment ; if not, loosen the three screws 
which coniine the plato to the block, and move the plate 
under their heads, until one half the error in the position of 
the sun's image is removed. 

Again bring the image between the lines, and repeat the 
operation until it will remain in the same situation, in both 
positions of the arm, when the adjustment will be completed 
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To adjust the other lens and plate, reverse the arm endfoi 
end on the adjuster, and proceed precisely as in the formef 
case, until the same result is attained. 

In tightening the screws over the silver plate, care must 
be taken not to move the plate. 

This adjustment now being complete, the adjuster should 
be removed, and the arm, A, with its attachments, replaced 
as before. 

3d, To Adjust the Vernier of thb DEquNATiow Arc. — 
Having leveled the instrument, and turned its lens in the 
direction of the sun; clamp to the spindle, and set the ver- 
nier, V, of the declination arc, at zero, by means of the tan- 
gent screw, at k^ and clamp to the arc. 

See that the spindle moves easily and yet truly in the 
socket, or polar axis, and raise or lower the latitude arc 
by turning the tangent screw, /, until the sun's image is 
brought between the eq.uatorial lines on one of the plates. 
Clamp the latitude arc by the screw, and bring the image 
precisely into position by the leveling screws of the tripod 
or socket, and without disturbing the instrument, carefully 
revolve the arm h, until the opposite lens and plate are 
brought in the direction of the sun, and note if the sun's 
image comes between the lines as before. 

If it does, there is no index error of the declination arc ; 
if not with the tangent screw, k^ move the arm until the 
sun's image passes over half the error; again bring the image 
between the lines, and repeat the operation as before, until 
the image will occupy the same position on both the plates. 

We shall now find, however, that the zero marks on the 
arc and the vernier do not correspond, and to remedy this 
error, the little flat head screws above the vernier must be 
loosened until it can be moved so as to make the zeros 
coincide, when the operation will be completed. 
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4th, To Adjust the Solar Apparatus to the Goicpassi 
Sights. — First level the instrument, and with the clamp and 
tangent screws set the main plate at 90^^ by the verniers 
and horizontal limb. Then remove the clamp screw, and 
raise the latitude arc until the polar axis is by estimation 
very nearly horizontal, and if necessary, tighten the screww 
on the pivots of the arc, so as to retain it in this position. 

Fix the vernier of the declination arc at zero, and direct 
the equatorial sights to some distant and well marked object, 
and observe the same through the compass' sights. If the 
same object is seen through both, and the verniers read to 
90^ on the limb, the adjustment is complete ; if not, the cor- 
rection must be made by moving the sights or changing the 
position ol chij verniers. 

In that form of this instrument, describe(^ hereafter as the 
Solar Compass proper, the solar work is attached perma- 
nently to the sockets, and this adjustment onc^ made by the 
maker, will need no further attention at the ho.nds of the 
surveyor, unless in case of severe accidents. 

Othbr Adjustments. — We should perhaps here eav, that 
the above adjustments, as well as the others with which the 
surveyor ordinarily will have no concern, are all made by 
as, in the process of constructing and finishing our instru- 
ments, and are liable to very little derangement in the ordi 
nary use of the Solar Compass. 

I^Hpods, &c. 

The Solar Compass should always be used on a tripod pro- 
vided with some means by which it may be leveled with eas6 
and accuracy. 

A tangent motion to the whole instrnment about its spindla 
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in addition to that of the limb idready spo&en ol^ is also of 
»ory great value. 

These requirements are, we thini, beat supplied in oni 
A.djuating Socket, with compound tangent ball, shown in 
fig. 14, being screwed into the top of a tripod like the ordi- 
nary leveling head. 

The interior stem of the socket is expanded above te 
receive the ball of the compass, and below, pivots upon a 
small ball confined underneath the plate of the tripod.* 

The instrument is approximately leveled by the ball aad 
socket joint, and finally made perfectly horizontal by the 
leveling screws of the socket. 

It also revolves upon the spindle as 
^^' upon the ordinary compass ball, but can 

be clamped at pleasure to the spindle, 
and then by its sights or telescope 
directed precisely (o any object by the 
tangent screw of the compound ball. 

The ordinary adjusting tripod head 
with leveling screws, and clamp and 
tangent movement, as shovm with our 
Surveyor's Transit, is also used with 
this instrument, but is heavier and less 
capable of rapid adjustment. 

Of course when a single or Jacob staff 
is preferred to the tripod, for this or any 
other of our compasses, the adjustii^ 
socket, with either a simple or compound 
ball, can be placed upon the top of the 
staff and adjusted as just described. 
In cases where either a leveling tripod or the adjust- 
ing socket, with compound ball, is famished with this 
instrument, a simple ball is also supplied, upon which the 
-NWjpaES cau be placed when desired. 
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The simple ball is furnished with an extra cap for the 
BDcke;, or in case of the leveling tripod, with an adopTter, 
Btting to the top of the tripod, so that the substitution can 
he made by the surveyor himself without any difficulty. 

Pbiges of the Socket. — As the adjusting socket may oft^h 
I'C used to advantage with the other instruments described 
in this work, we will here insert its prices with its various 
modifications. 

With tripod and compound ball as in fig. 14 . .$18 00 

" " simple " 12 00 

" Jacob staff and compound ball 12 00 

" *' simple *' 6 50 

To use the Solar Compass, 

Before this instrument can be used at any given place it is 
necessary to set off upon its arcs both the declination of the 
sun as affected by its meridional refraction for *the given day, 
and the latitude of the place where the observation is made. 

To SET ojjt the Declination. — The declination of the sun, 
given in the Ephemeris of the Nautical Almanac, from year to 
year, is calculated for apparent noon at Greenwich, England. 

To determine it for any other hour at a place in the U. S., 
reference must be had, not only to the difference of time 
arising from tht? longitude, but also to the change of decliiia- 
tion from day to day. 

The longitude of the place, and therefore its difference in 
time, if not give-i directly in the tables of t'le Almanac, can 
be ascertained vt.ry nearly by reference to that of oth( r 
places given, which are situated on, or very nearly on, the 
Bame meridian. 

It is the practice of surveyors in the States east of the 
Mississippi to allow a difference of sia; hours for the difference 
in longitude, calling the declination given in the Almanac 
for 12 M., that cf 6 A. M., at the place of cbservation. 
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Beyond the parallel of Santa Pe, the allowance Would be 
abbnt seven hours, and in California, Oregon, and Washing- 
ton Territory about eight hours 

Having thus the difference of time, we very readily obtain 
the declination for a certain hour in the morning, which 
would be earliei or later as the longitude .vae greater or less, 
and the same as that of apparent noon at Greenwich on tlie 
given day. Thus suppose the <)b8ervation made at a place, 
say, five hours later than Greenwich, then the declination 
given in the Almanac for the given day at noon, affected by 
the meridional refraction, would be the declination at the 
place of observation for *l o'clock, A. M.; this gives us the 
starting point. 

To obtain the declination for the other hours of the day 
take from the Almanac, the declination for apparent noon of 
the given day, and also that of the day following, subtract 
one from the other, as it may have increased or deoreased. 
And we have the change of declination for 24 hours, divide 
this by 24, and we obtain the change of declination for a 
single hour, which is to be added to, or subtracted from 
that of the starting hour, according as the declination is 
increasing or decreasing between the two days taken. 

To make this more plain we will give an example. Sup- 
pose it was required to obtain the declination for the dif- 
ferent hours of April 16th, 1874 at Troy, N. Y. 

The longitude in time is 4 hrs. 64 min. 40 sec, or practi- 
cally 6 hours, so that the declination given in the Almanac 
for the given day at Greenwich would be that of 1 A. M. at 
Troy. 

To obtain the hourly change 

Say declination at Greenwich, April 17 . . 10° 30' 67" 

" 16.. 10 9 46 



Change for 24 hour^ 21' 11' 
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B^ocB to seconds, and divide by 24, and we have an hourly 
obange of 53 seconds, which, as the declination is inoreasing, 
Ls to be added every hour after 7 A. M. 
Hence, siin's dedination at Greenwich noon as by the 

table being lO*' 9' 46" 

Add meridional refraction. 38 

10 10 24 = Dec. for? A.M. 
Add hourly change 53 

10 11 17 " 8 " 
•• " ...... 53 

10 12 10 " 9 " 

" 63 

10 13 3 " 10 " 
" " ...... 53 

' 10 13 56 " 11 *• 
" " 53 

10 14 49 " 12 M. 
*' ** 58 

10 15 42 " 1P.M. 
" «• 53 

10 16 35 *• 2 " 
« « 53 

10 17 28 « 3 '* 

• * 53 

10 18 21 « 4 " 

• •• 53 



10 19 14 " 5 



«• 
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10 19 14=Dec. for 5 P. M. 
Add hourly change 53 



^« (t 



10 20 7 " 6 " 
53 



10 21 " 7 " 

In the case taken the declination is increasing from day tc 
(lay, and therefore the hourly change is added; if, on the 
contrary, the declination was decreasing, the hourly change 
should be subtracted. 

The calculation of the declination for the different hours oi 
the day, should of course be made and noted before the sur- 
veyor commences his work, that he may lay off the change 
from hour to hour, from a table prepared as above described. 

It is considered suflSciently accurate by most government 
surveyors, to set off the declination only three or four times 
in the day, at intervals of two ox three hours as required. 

To SET OFF THE LATITUDE. — Find the declination of the sun 
for the given day at noon, at the place of observation as just 
described, and with the tangent screw set it off upon the de- 
clination arc, and clamp the arm firmly to the arc. 

Observe in the almanac the equation of time for the given 
day, in order to know about the time the sun will reach the 
meridian. 

Then, about fifteen or twenty minutes before this time, set 
lip the instrument, level it carefully, fix the divided surface 
of the declination arc at 12 on the hour circle, and turn the 
instrument upon its spindle until the solar lens is brought 
into the direction of the sun. 

Loosen the clamp screw of the latitude arc, and with the 
tangent screw raise or lower this arc until the image of the 
8un is brought precisely between the equatorial lines, and 
turn the instrument from time to time so as to keep the 
image also between the hour lines on the mate. 
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As the sun ascends, its image will move below the lines, 
and the arc must be moved to fellow it. Continue thus keep- 
ing it between the two sets of lines until its image begins 
to pass above the equatorial lines, which is also the moment 
of its passing the meridian. 

Now read off the vernier of the arc, and we have the lati- 
tude of the place, which is always to be set off on the arc 
when the compass is used at the giv^en place. 

It is the practice of surveyors using the Solar Compass to 
set off, in the manner just described, the latitude of the point 
where the survey begins, and to repeat the observation and 
correction of the latitude arc every day when the weather is 
favorable, there being also nearly an hour at mid-day when 
the sun is so near the meridian as not to give the direction 
of lines with the certainty required. 

To KuN Lines wrrn the Solar Compass. — Having set ofl 
in the manner just given the latitude and declination upon 
their respective arcs, the instrument being also in adjust- 
ment, the surveyor is ready to run lines by the sun. 

To do this, the instrument is set over the station and 
carefully leveled, the plates clamped at zero on the horizontal 
limb, and the sights directed north and south, the direction 
being given, when unknown, approximately by the needle. 

The solar lens is then turned to the sun, and with one hand 
on the instrument, and the other on the revolving arm, both 
are moved from side to side, until the sun's image is made 
to appear on the silver plate ; when by carefully continuing 
the operation, it may be brought precisely between the 
equatorial lines. 

Allowance being now made for refraction, the line of sights 
will indicate the true meridian ; the observation may now be 
made, and the flag-man put in position. 

When a due east ar d west line is to be run, the vemiert 



02 THE 80LAB COMPASS. 

of the horizontal limb are set at 90^, and the sun's image 
kept between the lines as before. 

The Solar Compass being so constructed that when the 
Bun's image is in position the limb must be clamped at in 
order to run a true meridian line, it will be evident tliat the 
bearing of any line from the meridian, may be read by the 
verniers of the limb precisely as in the ordinary magnetic 
compass, the bearing of lines are read from the ends of the 
needle. 

Allowance for Ebfractiqn. — 'Prom what has been before 
stated, it will hi seen that no precise calculation can be 
made for the effect of incidental refraction. 

The practice of the Government surveyor in this matter 
is, to keep the image square between the equatorial lines 
during most of the day, but at morning and evening, when 
the sun is near the horizon, to run the image full and flush 
upon the lower line, and pay no regard to the other. 

When the sun is near the horizon, the image is less bright 
and clearly defined than during the rest of the day, and in 
keeping the brightest part fully on the lower equatorial line, 
as we have said, the hazy edge of the image will overlap 
Due or two of the graduated spaces below, and thus fully 
compensate for the effect of refraction. 

A little practice with the instrument will soon enable tho 
inexperienced surveyor to supply the correction thus ap- 
proximately given, so as to make the proper allowance for 
incidental refraction with more accuracy, than if a precise 
calculation had been attempted. 

Use of the Needle. — In running lines, the magnetic needle 
is alway kept with the sun ; that is, the point of the needle 
is made to indicate on the arc of the compass box, by 
turning the tangent screw connected with its arm on the 
opposite side of the plate. By this means the lines can be 
mn by tlic needle alone in case of the temporary disappear 
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aaco of the sun ; but, of course, in such cases the suryej^ot 
must be sure that no local attraction is exerted. 

The variation of the needle, which is noted at every station, 
:s read ofif in degrees and minutes on the arc, by the edge oi 
which the vernier of the needle box moves. 

Allowance for the Earth's Curvature. — ^When long linen 
arc run by the Solar Compass, either by the true meridian, or 
due east and west, allowance must be made for the curvaturi* 
of the earth. 

Thus, in running north or south, the latitude changes 
about one minute for every distance of 92 chains, BO links^ 
and the side of a township requires a change on the latitude 
arc of 5' 12'', the township, of course, being six miles square. 

This allowance is of constant use where the surveyor fails 
to get an observation on the sun at noon, and. is a very close 
approximation to the truth. 

In running due east and west, as in tracing the standard- 
parallels of latitude, the sights are set at 90o on the limb, 
and. the line is run at right angles' to the meridian. 

If no allowance were made for the earth's curvature, these 
lines would, if suflSciently produced, reach the equator, tc 
which they are constantly tending. 

Of course, in running short lines either east or west, the 
variation from the parallel, would be so small as to be of no 
practical importance, but when long sights are taken, the 
correction should be made by taking fore and back sights at 
every station, noticing the error on the back sight, and set- 
Ving off one half of it on the fore sight on the side towards 
the pole. 

Time of Day by the Sun. — ^The time of day is best ascer- 
tained by the Solar Compass when the sun is on the meridian, 
as at the time of making the observation for latitude. 

The time thus given is that of apparent noon, and can be 
reduced to mean time, by iperely applying the equation of 
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time as directed in the Almanac, Lnd adding or subtracting 
as ilie sun is slow or fast. 

The time, of course, can also be taken before or after noon, 
by bringing the sun's image between the hour lines, and 
Doticing the position of the divided edge of the revolving 
arm, with reference to the graduatiors of the hour circle, 
allowing four minutes of time for each degree of the arc, and 
thus obtaining apparent time, which must be corrected by 
the equation of time as just described. 

Caution as to the False Image. — In using the compass 
upon the sun, if the revolving arm be turned a little one side 
of its proper position, a false or reflected image of the sun 
will appear on the silver plate in nearly tlie same place as 
that occupied by the true one. It is caused by the reflection 
of the true image from the surface of the arm, and is a fruit- 
ful source of error to the inexperienced surveyor. It can, 
however, be readily distinguished from the real image by 
being much less bright, and not so clearly defined. 

Approximate Bearings. — When the bearings of lines, such 
as the course of a stream, or the boundaries of a forest, 
are iiot desired with the certainty given by the verniers and 
horizontal limb, a rough approximation of the angle they 
make with the true irieridian, is obtained by the divisions on 
the outside of the circular plate. 

In this operation, a pencil, or thin straight edge of any 
sort, is held perpendicularly against the circular edge of the 
plate, and moved around until it is in range^ with the eye. 
the brass centre pin, and the object observed. 

The bearing of the line is then read off at the point where 
the pencil is placed. 

Time for using the Solar Compass. 
The Solar Compass, like the ordinary instrument, can be 
used at all seasons of the year, the most favorable time 
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being, c^ course, in the eummer, when the declination fs 
north, and the days are long, and more generally fair. 

It is beat not to take the sun at morning and evening, 
when it is within half-an-faour of the horizon, nor at noon, aa 
we have before stated, for about the same interval, before 
and after it passes the meridian. 

Telescope and Micrometer. 

It is often desirable to use a telescope in connection with 
the Solar Compass, both for ranging lines and measuring 
distances, where the chain cannot bo conveniently employed 
Tlf.!*. 



The above cut will show the arrangement which we have 
commonly made for this purpose, and which is intended to 
iise with that form of the instrument provided with the 
ordinary sights. 

The telescope is from 17 to 20 inches in length, and fur- 
dished with the same glasses as those of the best leveling 
luetrumcnts. 

It has, of course, the ordinary cross-wires, with screws for 
HiiCir adjustment ; the centering ring for the eye-piece, the 
».'rews and washers of which are shown at the eye end; and 
& pinion for bringing the object glass into focus upon neai 
and distant objects. 

The tube of the telescope is placed in Y pieces like those 
of the leveling instrument, bo that it can be revolved at 
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pleasure on loosening the pina which confine it, or entirelj 
removed from the wyes, and carried on the person of the 
surveyor, by a cord suspended from the little rings shows 
on its upper surface. 

The wye piece on the forward sight has a slote as shown, 
so as to allow the telescope to move up or down a short, 
distance, and to be clamped at pleasure at any point within 
the range. 

The cross-wire screws are concealed under a little thin 
brass ferule, placed on the enlarged part of the tube, which 
can be slipped off, whenever th© adjustment of the wires is 
required. 

The cross-wires are adjusted like those of the ordinary 
level, by revolving the tube in the wyes, and bringing each 
wire to reverse upon the same object. 

When thus adjusted, the telescope is turned in the wyes, 
until the pinion is in the position shown in the cut, and the 
wires made respectively horizontal and vertical, when it is 
clamped by the pins, and the telescope moved up ^r down 
at the forward end, and finally clamped upon the sights, so 
that the vertical wire and the compass sights bisect the 
same object observed. 

The telescope can then be used in place of the sights, and 
long lines over surfaces nearly horizontal be run with nearly 
the same accuracy and ease as with the Transit. 

When packed in the instrument case, the tube of the 
telescope takes apart by unscrewing in the middle, there 
being also little caps supplied to screw on the open ends, 
and keep out the dust and moisture from the interior of the 
tube. 

MiOBOMETER. — In this telescope there are three horizontal 

cross wires, the centre one being fixed as usual, while the 

others, one on either side, can be adjusted at any distance 

from each other, and thus made to cover a certain interval 

pon a rod placed at a specified distance from the telescope. 

When these wires are thus adjusted to include a certain 
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interval, as a foot for instance, upon a rod placed at a dis- 
tance of 100 feet, it is foond that thej will cover half a foot 
at one half that distance, or two feet at a distance of 200 feet^ 
and so on in very nearly the same proportion. 

By this means the distance of the rod from the instru- 
ment can be measured or set off, without the use of a chain, 
and with astonishing accuracy and ease. 

Indeed, we have been frequently assured that with a pow- 
erful telescope, such as we have often placed on our transit 
instruments, or such as we are now describing, distances 
can be measured with even greater accuracy than by a 
chain, especially when the surface of the ground is broken 
or intersected by deep rayines. 

The two small screws by which the movable wires are ad- 
justed, have their heads upon the outside of the washers of 
the cross wire screws, and can thus be moved by the sur- 
veyor with a simple screw driver, until the interval between 
the wires is made precisely as desired, when the little mov- 
able ferule is slipped over all, and the wires protected from 
any derangement. 

When measurements are to be recorded in chains and 
links, the wires should be made to cover a foot at a distance 
of 66 feet; if recorded in feet, they should cover the same 
interval at a distance of 100 feet. 

The rod used with the micrometer should be graduated 
to feet and decimals of a foot, and provided with two tar- 
gets, the upper one being fixed at some definite point, while 
the lower one can be moved as the surveyor requires, the 
distance between the two targets being accurately read off 
by the vernier of the movable one. 

In using the micrometer, the upper wire is brought by the 
leveling screws of thie tripod precisely upon the upper or 
stationary target, while the lower target is moved up or 
down until the lower wire exactly bisects its centre line, 
when the rod is read, and the distance recorded. 
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THE SOLAB COMPASS. 
Fig. 16. 



The form of this inatrameiili, which is most commonl; 
nsed by the gOTemment ettrveyor, is shown in fig. 16, and 
still better in the engraying at the opening of this article. 

As there seen, the main plate which carries the sights, &o., 
is bnt a trifle lai^r than the circular one oa which the so- 
lar work is placed. 

The solar apparatus, which is of the nsaal form and size, 
is permanently attached to the sockets of the instrament by 
a screw, the head of which may be seen in the inside of the 
socket when the instrument is removed from the ball. 

The Sockets are very strong, and the whole instrument is 
exceedingly compact, light, and substimtiat 

Thb TAKGEHTMoTXHENTbetween the plates is partly shown 
in the fignre, the clamp screw, however, is concealed. 



/ 
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The Clamp Sobew, by which the instrument is fastened 
to the spindle, is shown on the side of the socket. 

The Spbing Catch, of which the knob is shown oppo'site 
the head of the clamp screw, prevents the instrument from 
faUing from - the spindle when carried on the shoulder, 
without being previously clamped. 

The lines of refraction are shown on one of the sights, but as 
we have previously remarked,are very seld om used in practice. 

The Tangent Scale for angles of elevation and depression 
is also seen upon the sights, and is sometimes of service in 
reducing an inclined to a horizontal surface in chaining. 

The Graduations of this instrument are made upon silver 
plate, and figured as usual, the arcs and circles being read 
to single minutes by their respective verniers. 

The Solab Apparatus has the same adjustments and ap- 
pliances as have been previously described. 

The Solar Compass should always be furnished with and 
fitted to a leveling head ; but is often used on the com- 
pound ball and adjusting socket as shown in Fig. 14, and 
both of these are now supplied with each instrument. 

THE SOLAE TELESCOPE COMPASS. 

We have for some years manufactured an instijumeni 
named as above. And they have generally performed well, 
and given satisfaction. But the position of the telescope to 
one side of the centre, and the excess of weight on that sidf 
have always been serious objections to its use in the field, 
and we have for some time past declined any orders for thift 
instrument, recommending in its place the ordinary form. 
We have therefore omitted in the present edition the en- 
graving and description of this instrument. 

Superwrity of our Solar Compasses. J . : « o 

The Solar Compass as hitherto made, though planned! 
with great ingenuity in its general arrangement, was still ex* 
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tromely rude in its mechanical details and adjustments. 
Some of these defects which are apparent on inspection oi 
any 'instrument, as hitherto made by other manufacturers, 
and which must have frequently occurred to the surveyor, 
we will now enumerate. 

The motion of the plates over each other was accompan- 
ied with so much friction, that in turning the verniers 
around the limb, the whole instrument would often be 
moved about its spindle. 

Again, the verniers must be set, and the sights directed to 
an object by the hand alone, a matter of no little difficulty 
when single minutes of a degree were to be set off, and ac- 
curate observations were required. 

The latitude and declination arcs must also be moved hy 
hand, and the verniers set to single minutes in the samt 
manner. 

The points in which we claim the superiority of our Solar 
Compass over any hitherto manufactured, and by means of 
which the defects just enumerated are entirely removed, 
are partially shown in the various cuts already given, and 

will now be stated in detaiL 

1. A motion of the horizontal plates almost entirely free from friction, 
combined with perfect solidity. 

2. A fine clamp and tangent movement to the divided limb, as shown 
In the figures under the plate. 

3. A tangent movement with clamp, for the declination arc, as shown at k, 

4. A tangent movement with clamp to the latitude arc, as shown at/ 

5. A tangent motion for the whole instrument about its sockets, as 
shown in our Adjusting Socket 

6. Great facility of adjustment, and, in consequence, an important sav- 
ing of tim(\ 

7. An important reduction in price, while still furnishing an article 
greatly improved. 






\ • Weight of the Solar Compass, 
Solar Gompass, including leveling head .... 14^ lbs. 
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Advantages of the Solar GompasB in Surveying, 

It win readily occur to all who have read the preceding 
description of the Solar Compass, that while it is indispens- 
able in the surveys of public lands , it also possesses im- 
portant advantages over the magnetic compass, when used 
in the ordinary surveys of farms, &c. 

For not only can lines be run and angles be measured 
without regard to the diurnal variation, or the effect of local 
attraction, but the bearings being taken from the true 
meridian, will remain unchanged foi all time. 

The constant uncertainty caused by the variation of the 
needle, and the litigation to which it so often gives rise, 
may thus be entirely prevented by the use of the Solar 
Compass in this kind of work. 

It is also said by those familiar vnth the use of this instru* 
ment, that, in favorable weather, surveys can be more rapid- 
ly made vrith it than with the ordinary needle instrument; 
there being no time consumed in waiting for the needle to 
settle; or in avoiding the errors of local attraction. 

When the sun is obscured, the lines may be run by the nee- 
dlB alone, it being always kept with the sun, or at on its 
arc, and thus indicating the direction of the true meridian. 

The sun, however, must ever be regarded as the most relia- 
ble guide, and should, if possible, be taken at every station. 

It is with the design of making the principles and use of 
the Solar Compass intelligible to the ordinary surveyor, that 
we have given a more extended account of this instrument 
than of the others previously mentioned, believing that 
when its merits become better understood, it will come into 
more general use. 

For much valuable information as to the details of this 
instrument, as well as the practice of government surveyors 
in the field, we are indebted to our friend James L. InaALLSBs, 
late U- S. Deputy Surveyor in Iowa, Kansas and Nebraska, 
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MEAN REFRACTIONS. 



TEMPEBATURE 50° PRESSURE 29.6 INOHES. 

From Chambers's Astronomy. 
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APPROXIMATE EQUATION OF TIME. 

From Chambers's Astronomy. 
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Op all the numerous attempts to apply the solar appara- 
tus of Burt to the ordinary transit, there has been nothing 
devised which, in our opinion, can compare with that shown 
in the engraving on the preceding page, the patent of which 
is now owned and controlled by us; and we are ready to 
supply them to any transit of our own or other make. 

In the description of this new attachment, it is supposed 
that the reader is already familiar with the principles of 
the solar compass, as well as with the construction and 
adjustment of the ordinary transit, so fully sei forth in our 
Manual of Instruments, now in the hands of thousands of 
surveyors in every section of the coxmtry. 

The solar attachment we are now considering is essen- 
tially the solar apparatus of Burt placed upon the cross 
bar of the ordmary transit, the polar axis only being di- 
rected above instead of below^^ as in the solar compass. 

A little circular disc of an inch and a half diameter, and 
having a short round pivot projecting above its upper sur- ! 

face, is first securely screwed to the telescope axis. 

Upon this pivot rests the enlarged base of the polar axis, j 

which is also firmly connected with the disc by four capstan i 



\ ' 
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head screws passing from the under side of the disc into 
the base ah*eady named. 

These screws serve to adjust the polar axis, as will be 
explained hereafter. 

The HOUB ciECLE surrounding the base of the polar axis 
is easily movable about it, and can be fastened at any 
point desired by two flat head screws above. It is divided 
to ten minutes of time; is flgnred from L to XIL, and is 
read bj a small index fixed to the declination circle, and 
moving%rith it. 

A hollow cone, or socket, fitting closely to the polar axis 
and made to move snugly upon it, or clamped at any point 
desired by a milled head screw on top, furnishes by its two 
expanded arms below, a firm support for the declination 
arc, which is securely fastened to it by two large screws, 
as shown. 

The DECLINATION Aao is made larger than in the ordinary 
solar compass, being of six inches radius, is divided to 
quarter degrees, and reads by its vernier to thirty seconds of 
arc, the divisions of both vernier and limb being in the 
6ame plane. 

The declination arm has the usual lenses and silver plates 
on the two opposite blocks, made precisely like those of 
the ordinary solar compass, but its vernier is outside the 
block, and more easily read. 

The declination arm has also a clamp and tangent move- 
ment, as shown in the cut. The arc of the declination limb 
is turned on its axis and one or the other solar lens used, 
as the sun is north or south of the equator; the cut shows 
its position when it is south. 

The LATITUDE is set off by means of a large vertical limb 
having a radius of three inches; the arc is divided to twenty 
minutes is figured from the centre, each way, up to 80®, and 
is read by its vernier to thirty seconds. 
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It has also a clamp screw inserted near its centre, by 
which it can be set fast to the telescope axis in any desired 
position. 

The vernier of the vertical limb is made movable by the 
tangent screw attached, so that its zero and that of the limb 
are readily made to coincide when in adjusting the limb to 
the level of the telescope, the arc is clamped to the axis. 

The usual tangent movement to the telescope axis serves, 
of course, to bring the vertical limb to the proper elevation, 
as hereafter described. 

A level on the under side of the telescope, with good 
ground vial and scale, is indispensable in the use of the 
Solar attachment. 

The divided arcs, verniers, and hour circle, are all on 
silver plate, and are thus easily read and preserved fjrom 
tarnishing. 

The Adjustments, 

(1.) The solar lenses akb likes are adjusted precisely 
like those of the ordinary Solar, the arm being removed and 
reversed by the opposite faces of the blocks upon the ad- 
juster furnished with each instrument, until the image will 
remain in the centre of the equatorial lines. This adjust- 
ment is very rarely needed in our instruments, the lenses 
being cemented in their cells, and the plates securely fast- 
ened. 

(2.) The vernier op the deounatiok arc is adjusted 
by setting the vernier at zero, and then raising or lowering 
the telescope by the tangent screw until* the sun's image 
appears exactly between the equatorial lines. 

Having the telescope axis clamped firmly, carefully revolve 
the arm until the image appears on the other plate. 

If precisely between the lines, the adjustment is complete j 
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if Hot, moye the declination arm by its tangent screw, nntil 
the image will come precisely between the lines on the two op- 
posite plates; clamp the arm and remove the index error by 
loosening two flat head screws on the back, which fasten the^ 
moyable arc to the declination limb ; place the zero of the 
limb and yemier into exact coincidence and the adjustment 
is finished. 

(3.) To ADJUST THE PoLAR Axis. — ^First leyel the in- 
strument carefully by the long leyel of the telescope, using 
in the operation the tangent moyement of the telescope axis 
in connection with the leveling screws of the parallel plates 
until the bubble will remain in the centre during a complete 
revolution of the instrument upon its axis. 

Place the equatorial sights on the top of the blocks as 
closely as \^ practicable with the distinct view ^t a distant 
object; and having previously set the declination arm at 
zero, sight through the interval between the equatorial sights 
and the blocks at some definite point or object, the declin- 
ation arm being placed over either pair of the capstan head 
screws on the under side of the disc. 

Keeping the declination arm upon the object with one 
hand, with the other turn the instrument half around on its 
axis, and sight upon the same object as before. If the sight 
strikes either above or below, move the two capstan head 
screws immediately under the arm, loosening one and tight- 
ening the other as may be needed until half the error is 
removed. 

Sight again and repeat the operation, if needed, until 
the sight will strike the same object in both positions of the 
instrument, when the adjustment of the axis in one direc- 
tion will be complete. 

Now turn the instrument at right angles, keeping the 
sight still upon the same object as before; if it strikes the 
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Bame point when sighted through, the axis will be truly 
vertical in the second position of the instrument. 

If not, bring the sight upon the same point by the other 
pair of capstan head screws now under the declination arc, 
reverse as before and continue the operation until the same 
object will keep in the sight in all positions, when the polar 
axis will be made precisely at right angles to the level and 
to the line of coUimation of the transit. 

It should here be noted that as thia is by far the most 
delicate and important adjustment of the solar attachment, 
it should be made with the greatest care, the bubble kept 
perfectly iu. the centre and frequently inspected in the 
course of the operation. 

(4.) To ADJUST THE HouR Arc. — ^Whcuever the instru- 
ment is set in the meridian, as will be hereafter described, 
the index of the hour arc should read apparent time. 

If not, loosen the two flat head screws on -the top of the 
hour circle, and with the hand turn the circle around until 
it does, fasten the screws again, and the adjustment will 
be complete. 

To obtain mean time, of course the correction of the 
equation for the given day, as given in the Nautical Alma- 
nac, must always be appHed. 

To find the LaJtUude. 

First level the instrument very carefully, using, as before, 
the level of the telescope until the bubble will remain in 
the centre during a complete revolution of the instrument, 
the tangent movement of the telescope being used in con- 
nection with the leveling screws of the parallel plates, and 
the axis upon the telescope firmly clamped. 

Next clamp the vertical arc so that its zero and that of its 
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Temier coincide as near as may be, and then bring them 
into exact line by the tangent screw of the vernier. 

Then, having the declination of the sun for 12 o'clock of 
the given day as affected by the meridional refraction care- 
fully set off upon the declination arc, note also the equation 
of time and fifteen or twenty minutes before noon, the tele- 
scope being directed to the north, and the object-end lowered 
until, by moving the instrument upon its spindle and the 
declination arc from side to side, the sun's image is brought 
nearly into position between the equatorial lines ; now bring 
the declination arc directly in line with the telescope, clamp 
the axis firmly, and with the tangent screw bring the image 
precisely between the lines and keep it there with the tangent 
screw, raising it as long as it runs below the lower equatorial 
line, or in other words, as long as the sun continues to rise 
in the heavens. 

When the sun reaches the meridian the image will remain 
stationary for an instant and then begin to rise on the plate. 

The moment the image ceases to run below is of course 
apparent noon, when the index of the hour arc should in- 
dicate XTT, and the latitude be determined by the reading 
of the vertical arc. 

It must be remembered, however, that the angle through 
which the polar axis has moved in the operation just described 
is measured from the zenith instead of the horizon as in the 
ordinary solar, so that the angle read on the vertical limb is 
the complement of the latitude. 

The latitude itself is readily found by subtracting this 
angle from 90° ; thus at Troy the reading of the limb being 
found as above directed to be 47° 16' the latitude will be 
90°_47° 1G'=42° 44'. 

It will be noticed that with this apparatus the latitude of 
any place can be most easily ascertained without any index 
error, as in the usual solar compasa* 
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To U8e the Solar Attachment. 

Prom the foregoing description it will be readily under- 
stood that good results can not be obtained from the solaz 
attachment unless the transit is of good construction — 
furnished with the appliances of a level on telescope, clamp 
and tangent movement to axis, and vertical arc with ad- 
justable vernier, and the sockets or centres in such condition 
that the level of the telescope will remain in the centre 
when the instrument is revolved upon either socket. 

lb run lines with the Solar Attachment, 

Having set off the latitude of the place and the declin- 
ation for the given day and hour, as in the solar, the in- 
strument being also carefully leveled by the telescope 
bubble, set the horizontal limb at zero and clamp the plates 
together, loosen the lower clamp so that the transit moves 
easily upon its lower socket, set the instrument approxim- 
ately north and south, the object end of the telescope point- 
ing to the north, turn the proper solar lens to the sun, and 
with one hand on the plates and the other on the revolv- 
ing arm, move them from side to side until the sun's image 
is brought between the equatorial lines on the silver 
plates. 

The lower clamp of the instrument should now be fast- 
ened and any further lateral movement be made by the 
tangent screw of the tripod. The necessary allowance be- 
ing made for refraction, the telescope will be in the true 
meridian, and being undamped, may be used like the sights 
of the ordinary solar compass, but with far greater accuracy 
and satisfaction in establishing meridian lines. Of course 
when the upper or vernier plate is undamped from the limb» 
any angle read by the verniers is an angle from the meridian, 
and thus parallels of latitude or any other angles from the 
true meridian may be established as with the solar compass. 
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The bearing of the needle, when the telescope is on the 
meridian, will also give the variation of the needle at the 
point of observation. 

If the instrument, as in our surveyors transits, has a 
movable compass circle, the variation of the needle can be 
set off to single minutes, the needle kept at zero, or "with 
the sun," and thus lines be run by the needle alone when 
the sun is obscured. 

The variation circle is also applied to engineer's transits 
of our make, when desired at the time of ordering the 
same, and without extra charge. 

Advantages of the Solar Attachment. 

From what has been already said the intelligent surveyor 
will readily understand that the more perfect horizon ob- 
tained by the use of the telescope level, the greater length 
of the arcs allowing finer readings of angles, and the use of 
a telescope in place of sights, all render the new attachment 
more accurate than the ordinary solar compass. 

It can also be put on the telescope of any good transit at 
comparatively small cost, and thus enable the surveyor to 
establish the true meridian, to determine the correct lati- 
tudes, and to obtain true time very nearly. 

Its adaptation to the purposes of illustration and instruc- 
tion in practical astronomy in colleges and schools, will 
occur to every teacher •, and we believe that for the govern- 
ment surveyor it will furnish a long-sought and much needed 
instrument, superior, in many respects, to the solar compass 
now so commonly used. 

In an experiment just made by us, June 27, 1874, an error 
of one-quarter of a minute in the direction of the true meri- 
dian, or in latitude, could be easily detected by observing 
the Bun's image by a magnifier, and we feel confident that 
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any one who nses the new solar will be surprised and de- 
lighted with its work. When desired it can be removed 
from the telescope and packed in a separate box furnished 
with it, which also is fitted in the instrument case. 

A thin sheath is put on oyer aud protects the polar axis, 
and is kept in its place by the screw and washer of the 
socket. 

The weight of the new solar attachment is but little over 
a pound, and is so distributed as not to disturb the counter- 
poise of the instrument, thus obviating the objection which 
has hitherto prevented the successful application of the tele- 
scope to the solar apparatus. 

It is evident that all transits to which the solar attach- 
ment is to be applied should have a horizontal limb and 
verniers, and be leveled by leveling screws and parallel 
plates. 

It can, however, be put on the telescope of our vernier 
transit compass, but in that case the angles taken from the 
meridian will be measured by the needle only. 

Of course it will be understood, in all cases, that where 
transits of any kind are to be supplied with the new solar 
attachment, they must be in perfect order, especially in 
respect to the sockets, before correct work can be done. 

PRICES: 

Solar attachment, as shown in the cut, ^60 00 

Yertical arc, with adjustable vernier and tangent screw, IB 00 

Level on telescope, with scale, • ]2 00 

Clamp and tangent movement to telescope axis. 6 00 

Total $96 00 

The price above named includes the cost of putting on 
and adjusting the new solar attachment to the telescope of 
a plain transit of any description. Where any of the above 
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appliances or extras are already on the instrument, their 
price will be deducted from the above. 

For a 4^-inch vertical circle of our make, which may be 
on any transit, and in good order, an allowance of $6.00 
vrill be made. 

As shown in the engraving, the cost of the combined 
transit and solar attachment is $211.00 — made up of the 
following items : 

6-incli single yemier surveyors* transit, plain telescope, $115 00 

Extras : 

Level on telescope, with scale, 12 00 

Clamp and tangent movement to axis of telescope , 6 00 

Vertical arc with vernier adjusted bj tangent screw, divided on 

silver, and reading to 80 seconds, 18 00 

Patent solar attachment, 60 00 

Total, $211 00 

The cost of the solar attachment, combined with our 
double vernier surveyors' transit, and with the same extras, 
will be $226.00. 

Combined with the engineers' transit, and having a vari- 
ation plate, $246.00. 

Where the variation plate is desired in the application of 
the new solar attachment to any engineer's transit sent to 
us for the purpose, a charge of $10.00 will be made for the 
same. 
Weight of solar attachment about 18 oz. 
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Engineers' Instruments* 



THE ENGINEER'S TEANSET. 

Having now described the yarions instruments employed 
in surveying, we shall consider those whose use belongs more 
especially to the practice of the civil engineer, and of these 
the first in importance is that termed the Engineer's Transit. 

The engraving wiH convey a good idea of our latest im- 
proved Engineer's Transit, and to this the reader wiU please 
refer in the following detailed description of its different parts. 

The Telescope is from eleven to twelve inches long, and 
is of the finest quality. 

Like those of our other instruments, it is capable of rever- 
sion always at the ^ye end, and we now most commonly 
make both ends to reverse. 

The rack and pinion movement of the object-glass is 
most commonly placed on the side of the telescope tube, tbougt 
sometimes on the top, as the engineer may prefer. 

Pinion to the Eye-Glass. — ^We have often adapted to the 
eye-piece of this and our other Transits a rack and pinion 
movement, which is placed on the side of the tube, and is 
very excellent in bringing the cross-wires precisely into focus. 

A spiral adjustment of the eye-piece is also used by ua 
in the telescopes of all our transits, by which, when the 
milled head of the eye-piece is twisted in either direction, 
as may be needed, the eye-piece is brought into focus with 
ease and accuracy. 

The Shade. — A short piece of thin tube called the shade, 
IB always made to accompany this and the previous instru- 
ments, and is used to protect the object-glass from the glare 
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of the sun, or from moisture ; it must be removed 'whenevei 
the telescope is reversed, unless the telescope is made to 
reverse at the eye-end, as is generally desired. 

The interior construction of the telescope is similar to 
those already described. 

The Standards are made of well-hammered brass, firm and 
strong. 

On one of them will be seen the little movable box with the 
capstan head screw underneath, by which the cross-wires 
are adjusted to trace a vertical line, as described on page* 
42 in our account of the Vernier Transit. 

The Limb or divided circle is seven inches in diameter, 
graduated to half degrees, and read by two opposite vernier's 
to single minutes. 

The. Verniers are double, reading both ways from the 
centre, and are placed on the sides of the plate at right 
angles to the telescope. 

The Needle is five inches long, and is raised by a milled 
screw head shown in the cut, placed above the plate. 

The Clamp and Tangent Screws are also above, so as to be 
very accessible, and out of the reach of ordinary accidents. 
The clamping of the limb is effected in the interior, the 
aperture being covered with a washer to' exclude the dust 
and moisture. 

The Levels, as shown in the cut, are above ; they are 
both adjustable with the ordinary steel pin. 

The glass vials used in the levels of this and the Sui- 
veyor's Transit, are ground on their upper interior surface, 
BO that the bubble moves very evenly and with great sensi 
tiveness. 

Tub Tripod Head of this instrument is made considerably 
heavier than that of the Surveyor's Transit. 

The upper plate is about five inches diameter, made thick 
and of well hammered brass ; into this are screwed the long 
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nuts or suckets for tiie leveling screws, and on tbe uppei 
surface is seen the clamp, with the two butting tangent 
screws. 

With these the movement is made very slowly, and much 
more firmly than is possible with a single tangent screw. 

The leveling screws are of bell metal, and have a broad 
three niilled head ; they rest on the lower plate, in the little 
cups spoken of in our account of the previous instrument. 

In the engraving it will also be seen that the screws are 
entirely covered above the plate, by little brass caps which 
protect the threads from dust and corrosion. 

The lower plate is a little smaller than the upper, milled 
on the edge, and made to connect by a screw, with the tripod 
legs. 

This tripod head is attached to the sockets of the limb 
and vernier plate, and is removed with them, when the in- 
strument is packed in the box for transportation. 

The loop for the plumb-bob is connected by a screw to the 
epindle of the vernier plate, so that it is always suspended 
from the exact centre of the instrument. 

The Attachments of the Transit* 

The engraving of the Surveyor's Transit shows the verti- 
cal circle of four and a half inches diameter, which is read 
by a double vernier to minutes, and also the clamp and 
tangent movement to the axis of the telescope. 

These, with the addition of a level on the telescope, are 
ofti.n used with this instrument, though the majority of 
engineers prefer an instrument with " plain telescope," like 
that shown in the engraving. 

Micrometer, 

It is sometimes very convenient in the use of both the 
f'-ansit and Leveling Instrumeaty to employ some simpk 
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method of ascertaining the distances of objects without r& 
sorting to actual measurements. 

This is well eflfected by what is termed a " Micrometer," by 
the French called '^ Stadia/' the construction and use of 
which we have already given on pages 96 — 97, in oui 
account of the Solar Compass. 

The two small screws which adjust the moveable wires 
are placed on opposite sides of the telescope, and to one 
side of the ordinary cross hair screws, and move the wires 
to cover a certain interval upon a rod placed at a specified 
distance from the telescope. 

The micrometer wire is furnished, whenever desired, with 
any of our transits, and without additional charge. 

To adjiist the Transii. 

The adjustments of this instrument and its attachments 
have been described in our account of those previously 
considered. 

To use the Engineer's Transit. 

But little need be added to what has been already given 
in the previous pages. 

The Needle is of service principally as a rough check 
upon the readings of the verniers in the measurement of 
horizontal angles, any glaring mistake being detected, by 
noticing the angles indicated by both, in the different posi- 
tions of the telescope. 

It may also be used as in the compass, to give the direc- 
tion in which the lines are run, but its employment is only 
nubsidiary to the general purposes of the Transit 
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Sizes and Weights of Engineer's Transits. 

We make three different sizes of this instrament, Tiz: 

4 inch, including leveling head, exclusive of tripod legs, weighs 12 i lb& 

41 li (t H it 1^4 It 

5 " " " '< 16 " 

Weight of the Attachments, 

As it may sometimes be desirable to know the weights of 
the different extras or attachments, often used in this and t'jo 
other Transits previously described, we here add them in 
detail. 

Ground level tube, with vial complete. . t| oz. 

Vertical circle, with vernier 6 oz. 

Clamp and tangent to axis 4 oz. 

Besides the simple form of the Engineer's Transit, we also 
make important modifications, which may be desired by the 
engineer ; a few of these we shall now. enumerate. 

lAght Mountain Transit, 

This instrument whioh we have just introdaced is intended for 
use in mountain surveying, mining, &c., and with the adjustable 
tripod is exceedingly light and portable. 

It has a 4 inch needle, a movable compass circle for laying off 
the variation of the needle, a telescope 8 inches long, of the finest 
quality, and a limb of 5^ iuches, divided on silver reading to 
single minutes. 

If desired, it is supplied isviih our Patent Solar Attachment with 
.vertical arc — level on telescope, &c., weighing with all these only 
eight pounds, exclusive of the tripod, thus furnishing a very 
light Solar instrument, as well as a superior transit The pluiu 
instrument weighs seven pounds. The tripod has all its legs a<l- 
justablo to any length desired, the upper part of each leg being in 
two parts, double, and the lower piece sliding up between them, 
and being clamped securely at any required point, tbo leg can be 
shortened or lengthened at will, and the instrument be set up on 
the steep hill sides, or upon even ground, or with all the legs 
shortened be used in the galleries of mines, &c. 
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The length of the tripod with the legs closed, is less than tlu'ee 
feet, its weight about ^\e pounds, and it is most easily earrJed 
by a shawl strap, fastened around its centre. 

The tlransit box is made of light mahogany, and inclosed in an 
outside sole leather case, fitted with straps to sliiig over the 
shoulder, or pack upon a mule. 

ITie Theodolite Axis. 

In place of the ordinary axis of the telescope representsd 
in our engraving, we sometimes make one resembling the Y 
axis of the English Theodolite. 

This modification is desirable, in cases where this instru- 
ment is intended to subserve the purposes of both level and 
transit. 

In such an arrangement, the. telescope is confined in the 
axis with clips, by loosening which, it may be revolved in 
the wyes, or taken out and reversed end for end, precisely 
like that of the leveling instrument. 

The standards also allow its transit, or complete revolu- 
tion in a vertical direction. 

In sucb an instrument, the adjustment of the wires, and 
level of the telescope, is effected in the same manner as 
those of the leveling instrument, the tangent movement 
of the axis serving, instead of the leveling screws, to bring 
the bubble and wires into position. 

With this modification of the Transit, we have also fre- 
quently added, that of a small level bar, wyes, &c., into 
which the telescope may be transferred, making thus a 
miniature leveling instrument. 

This may be placed upon the socket and tripod head of 
the transit, and thus made capable of taking levels with a 
good degree of accurac}'. 

When desirable, a vertical wheel may be placed on the 
axis of the telescope of this instrument, and thus all the 
properties of the English Theodolite united with thoso of 
the American Transit 
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THE LEVELING INSTRUMENT. 

Of the different varieties of the leveling instrument, thai 
termed the Y Level, has been almost universally preferred 
oy American engineers, on account of the facility of its 
adjustment and superior accuracy. 

Of these levels we manufacture four different sizes, having 
telescopes of sixteen, eighteen, twenty, and twenty-two 
inches long, respectively. 

The engraving on the opposite page represents our twenty 
inch Y Level. 

We shall consider the several parts of the instrument in 

detail : 

The Telescope has at each end a ring of bell-metal, turned 
very truly and both of exactly the same diameter ; by these 
it revolves in the wyes, or can be at pleasure clamped in any 
position when the clips of the wyes are brought down upon 
the rings, by pushing in the tapering pins. 

Tli% telescope has a rack and pinion movement to both 
object and eye-glasses, an adjustment for centering the eye- 
piece, shown At A A, in the longitudinal section of the tele- 
scope, (page 120,) and another seen at 0, C, for ensuring the 
accttrate projection of the object-glass, in a straight line. 

Both of these are completely concealed from observation 
and disturbance by a thing ring which slides over them. 

The telescope has also a shade over the object-glass, so 
made, that whilst it may be readily moved on its slide over 
the glass, it cannot be dropped off and lost. 

The interior construction of the telescope will be readily 
understood from fig. 21, which represents a longitudinal sec- 
tion, and exhibits the adjustment which ensures the accuratu 
projecjion of the object-glass slide. 
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• 

As this is peculiar to our instruments, 
and is always Qiade by the maker so per- 
manently as to need no further attention 
at the hands of the engineer, we shall here 
describe the means by which it is effected, 
somewhat in detail. 

The necessity for such an adjustment will 
appear, when we state, that it is almost 
impossible to ma^ke a telescope tube, so 
that it shall be perfectly straight on its 
interior surface. 

Such being the case, it is evident that 
the object-glass slide which is fitted to, 
this surface, and moves in it, must partake; 
of its irregularity, so that the glass and 
the line of collimation depending upon it, 
though adjusted in one position of {he slide 
will be thrown out when the slide is 
moved to a different point. 

To prove this, let any level be sel^ljed 
which is constructed in the usual maifier, 
and the line of collimation adjusted tI|>oii 
an object taken as near as the range of 
the slide will allow; then let another be 
selected, as distant as may be clearly soon; 
upon this revolve the wires, and they wiH 
almost invariably be found out of adjust- 
ment, sometimes to an amount fatal to any 
confidence in the accuracy of the instru- 
ment. The arrangement adopted by us to 
correct this imperfection, and which so 
perfectly accomplishes its purpose, ia 
shown in the adjoining cut, fig. 21. 

Here are seen the two riearings of the 
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object-glass slide, one beinff in the narrow bell-metal rin^, 
which slightly contractsyv diameter of the main tube, the 
other in the small adjus\.Dle ring, also of bell-metal, shown 
at C C, and suspended by four screws in tHtNaniddle of tho 
telescope. 

Advantage is here taken of the fact, that the rays of 
iight are converged by the object-glass, so that none are 
obstructed by the contraction of the slide, except those 
which diverge, and which ought always to be intercepted, and 
absorbed in the blackened surface of the interior of the slide. 

Now, in such a telescope, the perfection of movement of 
the slide, depends entirely upon its exterior surfaces, at the 
points of the two bearings. 

These surfaces are easily and accurately turned, concentric, 
and parallel with each other, and being fitted to the rings, it 
only remains necessary to adjust the position of the smaller 
ring, 80 that its centre will coincide with that of the optical 
axis of the object-glass. 

When this has been once well dooe, no further correction 
will be necessary, unless the telescope should be seriously 
injured. 

The manner in which the adjustment of the object-glass 
slide is cH'octed, will be considered when we come to speak 
of the other adjustments. 

Kac$ and Pinion. — As seen in the engraving, our Level 
telescopes are usually furnished with the ordinary rack and 
pinion movement to both object and eye tubes.- 

The advantages of an eye-piece pinion, arc, that the eye- 
piece can be shifted without danger of disturbing the tele- 
scope, and that the wires are more certainly brought into 
distinct view, so as to avoid eflfectually any error of observa* 
tion, arising from what is termed the instrumental parallax. 

The positi(m of tbe pinion on the tube is varied in dif> 
ferent instruments according to the choice of the engineer 
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We usually place our object slide pinion on the side- 
both of Transit telescopes, and of those of the Level. The 
pinion of the eye tube is always placed on the side of the tele 
Bcone. 

The Level or ground bubble tube is attached to the under 
side of the telescope, and furnished at the different end? 
with the usual movements, in both horizontal and vertical 
directions. 

The aperture of the tube, through which the glass vial 
appears, is about five and one-fourth inches long, being 
crossed at the centre by a small rib or bridge, which greatly 
strengthens the tube. 

The level scale which extends over the whole length, is 
graduated into spaces a little coarser than tenths of an inch, 
and figured at every fifth division, counting from zero at thf» 
centre of the bridge ; the scale is set close to the glass. 

The bubble vial ik made of thick glass tube, selected so 
as to have an even bore from end to end, and finely ground 
on its upper interior surface, that the run of the air bubble 
may be uniform throughout its whole range. 

The sensitiveness of a ground level, is determined best by 
an instrument called a level tester, having at one end two 
Y's to hold the tube, and at the other a micrometer wheel 
divided into hundredths, and attach(5d to the top of a fine 
tln-eaded screw which raises the end of the tester very 
, grad rally. 

The number of divisions passed over on the perimeter of 
the wheel, in carrying the bubble over a tenth of the scale, 
is the index of the delicacy of tlie level. In the tester whicb 
we use. a movement of the wheel ten divisions to one of the 
Bcale, indicates the degree of delicacy generally prel'erred 
for railroad engineering. 

For canal work practice, a more sensitive babble is oftevi 



THE LEVELING INSTRUMENT. 123 

desired, as for instance, one of seven or eight dirisions of 
the wheel, to one of the scale. 

The Wyes of our levels are made large and strong, of 
the best bell-metal, and each have two nuts, both being 
adjustable with the ordinary steel pin. 

The clips are brought down on the rings of the telescope 
tube by the Y pins, which are made tapering, so as to clamp 
the rings very firmly. 

The Level Bar is made round, of well hammered brass, 
and shaped, so as to possess the greatest strength in the 
parts most subject to sudden strains. 

Connected with the level bar is the head of the tripod sockets 

The Tbipod Socket is compound ; the interior spindle, upon 
which the whole instrument is supported, is made of steel, 
and nicely ground, so as to turn evenly and firmly in a hol- 
low cylinder of bell-metal ; this again, has its exterior sur- 
face fitted and ground to the main socket of the tripod head. 

The bronze cylinder is held upon the spindle by a washer 
and screw, the head of this having a hole in its centre, 
through which the string of the plumb bob is passed. 

The upper part of the instrument, with the socket, may 
thus be detached from the tripod head ; and this, also, as in 
the case of all our instruments, can be unscrewed from the 
legs, so that both may be conveniently packed in the box. 

A little under the upper parallel plate of the tripod head, 
and in the main socket, is a screw which can be moved into 
a corresponding crease, turned on the outside of the hollow 
cylinder, and thus made to hold the instrument in the tripod, 
when it is carried upon the shoulders. 

It will be seen from the engraving, that the arrangement 
just described allows long sockets, and yet brings the whole 
instrument down as closely as possible to the tripod head, 
tooth objects of great importance in the construction of anj 
instrument. 
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The Leveling Head has the same plates and leveling screws 
as that described in the account of the Engineer's Transit ; 
the tangent screw, however, is commonly single. 
• For our sixteen inch level we make a similar tripod head, 
resembling that used with the lighter Engineer's Transit. 

The Adjustments. 

Having now completed the description of the different 
parts of the Leveling Instrument, we are ready to proceed 
with their adjustments, and shall begin with that of the 
object-slide, which, although always made by the maker, so 
permanently as to need no further attention at the hands of 
the engineer, unless in cases of derangement by accident, is 
yet peculiar to our instruments, and therefore not familiar 
to many engineers. 

To Adjust the Object Slide. — The maker selects an 
object as distant as may be distinctly observed, and upon 
it adjusts the line of collimation, in the manner here- 
after described, making the centre of the wires to revolve 
without passing either above or below the point or line 
assumed. 

Li this position, the shde will be drawn in nearly as far 
as the telescope tube will allow. 

He then, with the pinion head, moves out the slide until 
an object, distant about ten or fifteen feet, is brought clearly 
into view ; again revolving the telescope in the Y's, he 
observes whether the wires will reverse upon this second 
object. 

Should this happen to be the case, he wiU assume, that 
as the line of collimation is in adjustment for these two 
distances, it will be so for all initermediate ones, since the 
bearings of the slide are supposed to be true, aaid their 
planes parallel with each other. 

If, however, as is most probable, either or both wirep fail 
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to reverse upon the second point, he must then, by estima- 
Hon, remove half the error by the screws C C, (fig. 21,) at 
right angles to the hair sought to be corrected, remember- 
ing, at the same time, that on account of the inversion of 
the eye-piece, ho must move the slide in the direction 
which apparently increases the error. When both wires 
have thus been treated in succession, the line of collimsttion 
is adjusted on the near object, and the telescope again 
brought upon the most distant point; here the tube is 
again revolved, the reversion of the wires upon the object 
once more tested, and the^orrection, if necessary, made in 
precisely the same manner. 

He proceeds thus, until the wires vnll reverse upon both 
objects in succession ; the line of collimation will then be 
in adjustment at these and aU intermediate points, and by 
briDging the screw heads^ in the course of the operation, to 
a firm bearing upon the washers beneath them, the ad- 
justable ring will be fastened so as for many years to need 
no further adjustment. 

When this has been completed, the thin brass ferule is 
slipped over the outside ring, concealing the screw heads, 
and avoiding the danger of their disturbance by an inexpe- 
rienced operator. 

In effecting this adjustment, it is always best to bring the 
wires into the centre of the field of view, by moTing the 
little screws A A (fig. 21) working in the ring which 
embraces the eye-piece tube. 

Should the engineer desire to make this adjustment, it 
will be necessary to remove the bubble tube, in order that 
the small screw immediately above its scale may be operated 
upon with the screw-diiver. 

The adjustment we have now given is preparatory to 
those which follow, and are common to all loTeling instm* 
ments of recent construction, and are all that the enginef 
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mil have to do with in using our own instruments. What 
is still necessary then is — 

1. To adjust the line of coUimaiion, or in other words, to 
bring both wires into the optical axis, so that their point of 
intersection will remain on any given point, during an entire 
revolution of the telescope. 

2.* To bring the level bvbble parallel with the bearings of the 
Y rings, and with the longitudinal axis of the telescope. 

3. To adjust the wyes, or to bring the bubble into a 
position at right angles to the vertical axis of the instru- 
ment. 

To Adjust the Line op Collimation, set the tripod firmly, 
remove the Y pins from the clips, so as to allow the tele- 
scope to turn freely, clamp the instrument to the tripod 
head, and, by the leveling and tangent screws, bring either 
of the wires upon a clearly marked edge of some object, 
distant from one to five hundred feet. 

Then with the hand carefully turn the telescope hair 
way around, so that the same wire is compared with the 
object assumed. 

Should it be found above or below, bring it half way back 
by moving the capstan head screws at right angles to it, 
remembering always the inverting property of the eye-piece ; • 
now bring the wire again upon the object, and repeat the 
first operation until it will reverse correctly. 

Proceed in the same manner with the other wire until the 
adjustment is completed. 

Should both wires be much out, it will be Well to bring 
them nearly correct before either is entirely adjusted. 

When this is effected, slip off the covering of the eye- 
piece centering screws, shown in the sectional view (fig. 21) 
at A A, aiid move each pair in succession with a small screw-* 
driver, until the wires are broup'ht into the centre of the 
field of view. 
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The inversion of the eyerpiece does not afifect this opera* 
tion, and the screws are moved direct. 

To test the correctness of the centering, revolve the tele- 
scope, and observe whether it appears to shift the position 
of an object. 

Should any movement be perceived, the centering is not 
perfectly effected.- 

It may here be repeated, that in all telescopes the position 
and adjustment of the line of coUimation depends upon 
that of the object-glass ; and, therefore, that the movement 
of the eye-piece does not effect the adjustment of the wires 
in any respect. 

When the centering has been once effected it remains per« 
manent, the cover being slipped over to conceal and protect 
it from derangement at the hands of the curious or inexpe- 
rienced operator. 

To Adjust the Level Bubble. — Clamp the instrument 
over either pair of leveling screws, and bring the bubble 
into the centre of the tube. 

Now turn the telescope in the wyes, so as to bring the 
level tube on either side of the centre of the bar. Should 
the bubble run to the end it would show that the vertical 
plane, passing through the centre of the bubble, was not 
parallel to that drawn through the axis of the telescope 
rings. 

To rectify the error, bring it by estimation entirely back, 
with the capstan head screws, which are set in either side 
of the level holder, placed usually at the object end of the 
tube. 

Again bring the level tube over the centre of the bar, and 
adjust the bubble in the centre, turn the level to either side, 
and, if necessary, repeat the correction until the bubble will 
keep its position, when the tube is turned half an inch or 
more, to either side of the centre of the Imr. 
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The necessity for this operatioa arises from the fact, that 
when the telescope is reversed end for end in the ivyes in 
the other and principal adjustment of the babble, we are 
Qot certain of placing the level tube in the same vertical 
plane; and^ therefore, it would be almost impossible to 
effect the adjustment without a lateral correction. 

Having now, in great measure, removed the preparatozy 
difficulties, we proceed to make the level tube parallel with 
the bearings of the Y rings. 

To do this, bring the bubble into the centre with the 
leveling screws, and then, without jarring the instrument, 
take the telescope out of the wyes and reverse it end for 
end Should the bubble run to either end, lower that end, 
or what is equivalent, raise the other by turning the small 
adjusting nuts, on one end of the level, until by estim&« 
tion half the correction is made ; again bring the bubble 
into the centre and repeat the whole operation, until the 
reversion can be made without causing any change m 
the bubble. 

It would be well to test the lateral adjustment, and make 
Buoh correction as may be necessary in that, before the 
horizontal adjustment is entirely completed. 

To Adjust the WYBS.-^Haying efiected the previous ad- 
justments, it remains now to describe that of the wyes, or, 
inore precisely, that which brings the level into a position 
at right angles to the vertical axis, so that the bubble will 
remain in the centre daring an entire revolution of the 
instrument. 

To do this, bring the level tube directly over the centre 
of the bar, and damp the telescope firmly in the wyes, 
placing it as before, over two of the leveling screws, un- 
olamp the socket, level the bubble, and turn the instrument 
half way around, so that the level bar may occupy tlie same 
position with respect to the leveling screws beneath. 
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Should the bubble run to either end, bring it half way 
back by the Y nuts on either end of the bar ; now move the 
telescope oyer the other set of leveling screws, bring th« 
bubble again into the centre^ and proceed precisely as above 
described, changing to each pair of screws, sucoessivelyy 
until the adjustment is very nearly perfected, when it may 
be completed over a single pair. 

The object of this approximate adjustment, is to bring the 
upper parallel plate of the tripod head into a position as 
nearly horizontal as possible, in order that no essential 
error may arise, in case the level, when reversed, is not 
brought precisely to its former situation. When the level 
has been thus completely adjusted, if the instrument is 
properly made, and the sockets weU fitted to each other 
and the tripod head, the bubble will reverse over each pair 
of screws in any position. 

Should the engineer be unable to make it perform cor- 
rectly, he should examine the outside socket carefully to 
see that it sets securely in the main socket, and also 
notice that the damp does not bear upon the ring which 
it encircles. 

When these are correct, and the error is still manifested, 
it will, probably, be in the imperfection of the interior 
spindle. 

After the adjustments of the level have been effected, and 
the bubble remains in the centre, in any position of the 
socket, the engineer should carefully turn the telescope in 
the wyes, and sighting upon the end of the level, which has 
the horizontal adjustments along each side of the wye, make 
the tube as nearly vertical as possible. 

When this has been, secured, he may observe, through 
the telescope, the vertical edge of a building, noticing if 
the vertical hair is parallel to it ; if not, he should loosen 
kw9 of the crosswire screws at right angles to each oth< 
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ttud witli the hand on these, turn the ring inside, nntii 
the hair is made vertical; the line of coUimation must 
then be corrected again, and the adjustments of the level 
win be complete* 

lb tcse ike Level, 

When usyig the instrument, the legs mtu^t be set firmly 
into the groond, and neither the hands nor person of the 
operator be allowed to touch them ; the babble should theft 
be brought over each pair of leveling screws successive, 
and leveled in eadi X)osition9 any correction being made m 
the adjustments that may appear necessary. 

Care should be taken to bring the wires precisely ni 
fbeus, and the object distinctly in view, so that all errors ol 
paraKax may be avoided. 

This error is seen when the eye of an observer is moved 
to either eide of the centre of the eye-piece o^ a telescope, 
in which the tod of the object and eye-glasses are not 
brought preeisefy upoix the cross-wires and object ; in sU^h 
a easiB the wires win appear to move Over the surface, and 
the observation will be liable to inaccuracy. 

In all ibstances the wires and object shbtdd be brot^ht 
into view so perfectly, that the erpider lines will appeair to 
be fastened to the surface, and will remain in that position 
however the eye is moved. 

If the socket of the instrument becomes so firmly set in 
Ihe tripod head as to be difficult of removal in the ordinary 
WBy, the engines should pliaee the palm of his hand under 
the wye nuts at each end of the bar, and give a sudden 
upward shock to the bar, taking care also to hold his handi 
so aa |o gmsp it the moment it is free. 
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Weight of Leveling Instruments. 
Tlie average weights of the different sizes of this instru 
ment, exclusive of the tripod legs, are as follows : 

16-inch telescope, with leveling head 11 lbs, 

18-inch " " 12 J" 

20-inoh " " 13 J " 

►5 



22-inch " ' " 13?" 



THE BUILDER'S, OR DtJMPY LEVEL. 

This instrument, one size of which is shown in the en 
graving, is of more simple and compact construction than 
those already described. 

As represented, the telescope is provided with the usual 
facilities for adjustment, and rests upon two hollow cylin- 
ders or studs, raised from the ends of the bar by the two 
Bimilar &ces of the octagonal-shaped prisms which sur* 
round the telescope tube at either end. 

The telescope and attachments are held firmly to the 
bar by a long, stout screw at either end ; the heads of 
these screws are shown under the ends of the bai*, and are 
bored to admit the usual adjusting-pin. 

A strong spiral spring is placed in a recess in the upper 
end of the upright stud at each end of the bar, and serves 
in connection with the screws to effect the third adjust- 
ment of the leveL 

These springs are, of course, removed whilst the other 
adjustments are in progress, and the telescope allowed to 
rest directly upon the upper plane surface of the upright 
studs. 

The level is placed under the telescope Hke that of the 1 
evel, and is adjustable at either end by two nuts, as shown, 
rhe instrument should always be used upon the adjusting 
iripod with leveling screws, as shown in the engraving. 
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The adjustments of this instrument are made in the same 
order and almost precisely in the same manner as those 
of the Engineers* Level, described on pages 124-128, and 
need but a brief description here. 

To adjust the time of coUimation, it is necessary first to 
remove the two long stout screws which hold the telescope 
to the bar, and also the springs already named, from the 
apper ends of the studs, so that the similar faces of the 
prisms may rest directly upon the upper sur&ces of the 
studs. 

(1.) The line of coUimation is then adjusted like that of 
the ordinary Y level, by making the cross wires to reverse 
upon any given point when the telescope is turned half 
way around, so as to rest upon the studs by the opposite 
faces of the prisms. 

(2.) The level is adjusted by turning the telescope end 
for end upon the studs, the bubble being made to come to 
the centre in both positions. 

(3.) The bubble is brought into a position at right angles 
to the vertical axis (the adjustment of the wyes in ordinary 
levels), by releasing or compressing the springs at either 
end by turning the capstan head screws tmdemeath the 
bar, so that the bubble will come into the centre as the 
instrument is turned upon its spindle, over both pairs of 
leveling screws in succession. 

This instrument is packed in the box with the leveling 
head always attached, and need not to be taken from its 
spindle except for repairs. ' 

We make two sizes of this level — one, of 11-inch tele- 
scope, with light tripod, and used by millwrights, masons 
and btiilders, and the 15-inch size, with medium-sized 
tripod — used not only by the persons above named, but 
found to be a most simple and accui*at« level in railroad 
surveys and constructions. 
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LEVELING EODS. 

The three kmds used by American engin- 
eers are all sliding rods. The Philadelphia 
Eod is divided to tenfchs^ and reads to two 
I hundredths of a foot. The Boston and New 
York are divided into hundredths of a foot 
and reading by verniers to thousandths. 

Philadelphia Bod. 

The leveling rod known as the Philadel- 
phia Bod, is formed of two strips of light 
baywood or mahogany, each three-fourths 
of an inch by one and three-fourths inches 
by six and one-half feet long, connected to- 
gether by two metal sleeves, the upper one 
of which has a clamping screw, for fixing 
the rod in its position when the two parts 

are separated or extended beyond six feet 
six inches. 

Both sides of the back rod and one side of 
the front rod are planed out one-sixteenth 
of an inch below the edges. These de- 
pressed surfaces are all painted white, and 
dijrided into feet, and tenths of a foot. The 
front rod reads from the foot upward; both 
sides of the back rod read downward. The 
feet figures are red, one inch long, and the 
one-tenth figures black, eight-tenths of an 
inch long. The target is round, made of 
brass, vnth an opening, in its face, two and 
one-fourth inches long by one inch wide, 
with a divided scale on one side reading 
the rod to two hundredths of a foot. 

The upper sleeve has a vernier reading to 
one-hundredths on the back of the rod, for 
the rod-man to take the reading when the two 
parts are extended beyond six feet six inches 



LEVELING BODS, 



Boston Bad. 

That known as tlie Boston or Yankee 
Eod, is formed of two pieces of light bay- 
'wood or mahogany, each about sis and a 
half feet long, connected together by a 
tongue, and sliding easily by each other, in 
both directions. 

One side is furnished with a damp screw 
and Tcruier at each end, the other carries 
the divisions, marked on strips ' of sntin 
wood, inlaid on either side. 

The target is a rectangle of wood, fastened 
near one end of the divided side, and having 
its horizontal hue just three-tenths from the 
extremity. 

The tai^et being £xed, when any height 
is taken aboTe six feet, the rod iscfaanged 
end for end, and the divisions read hy the 
other vernier; the height to which the rod 
can be extended being a little over eleven 
feet. 

This kind of rod is very convenient from 
its great lightness, but the parts are made 
too frail to endure the rough usage of this 
country, and, therefore, American engineers 
have generally given the preference to an- 
other, made heavier and more substantial. 
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The Neio York Bod. 

This rod, whioh is showii in the engraiing 
as out in two, so that the ends maj be exhi- 
bited, is made of satin wood, in two |»eees 
like the former, but sliding one from the other, 
the same end being always held on the ground, 
and the graduations starting from that point. 

The graduations are made to tenths and han*^ 
dredths of a foot, the t^ith figures being blaek, 
and the feet marked with a large red figure. 

The front surface, on which the target 
moves, reads to six and a half feet; when a 
greater height is required, the horizontal line 
of the target is fixed at that point, and the 
upper half of the rod, carrying the target, is 
moved out of the lower, the reading being now 
obtained by a vernier on the graduated side^. 
up to an elevation of twelve feet. 

The mountings of this rod are differently 
made by different manufacturers. We shall 
give those which we have adopted. 

The target is round, made of thick brass, 
having, to strengthen it still more, a rib raised 
on the edge, which also protects the paint 
from being defheed. 

The target moves easily on the rod, being 
kept in any position by the friction of the two 
fiat plates of brass which are pressed against 
two alternative sides, by small spiral springs, 
working in little thimbles attached to tho band 
which surrounds the rod. 

There is also a olamp screw on the back, by 
which it may be seenrely fastened to. any part 
of the rod. 
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The face of the target is divided into quadrants, by bori- 
BOntal and vertical diameters, which are also the boundarioa 
of the alternate colors with which it is painted. 

The colors noaally preferred are white and red : some- 
times white and black. 

The opening in the face of the target is a little more than 
a tenth of a foot long, so that in any position a tenth, or a 
foot figure, can be seen on the surface of the rod. 

The right edge of the opening is chamfered, and divided 
into ten equal spaces, corresponding with nine hundredths 
on the rod; the divisions start from the horizontal line 
which separates the colors of the face. 

The vernier, like that on the other side of the rod, reads 
to thousandths of a foot. 

The damp, which is screwed fast to the lower end of the 
upi)er sliding piece, has a movable part which can be 
brought by the clamp screw firmly against the front surface 
of the lower half of the rod, and thus the two parts 
immovably fastened to each other without marring the 
divided face of the rod. 



MINEES' COMPASSES. 

These instruments shown in the engraving consist essen* 
tially of a magnetic needle so suspended as to move readily in 
a vertical direction, the angle of inclination, or '' dip," being 
measured upon the divided rim of a small compass box. 

When in use, the ring or bail is held in the hand — ^the 
compass box by^ts own weight takes a vertical position — 
and should also be in the plane of the magnetic meridian. 

In this position the needle, when unaffected by the 
attraction of iron, assumes a horizontal line, as shown by 
the zeros of the circle. When brought over any mass of 
iron it dips, and thus detects the presence of iron ores with 
certainty. 
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If the conipasB box of either No. 40 or 42 is held hori- 
zontally, it eerreB as an ordinary pocket compass. The 
box of the Miner's Compaas is made of brass, with cover of 
same loaterial, or, if so ordered, it is packed in email ma- 
hogany case. The form shown in the engraving, No. 40, has 
its two aides of glass, and is provided with a stop for the 
needle, worked by the little brass knob there shown. 

The compass No. 42 has a brass back and brass corer, 
and is nsed as above described, the observer standing with 
his face to the west, and holding the compass box soa- 
pended in the plane of the magoetic meridian. 

NORWEGIAN COMPASS. 

GIOBS botli aidee, braes covere. 

Besides the ordinaiy article just described, we have lately 
introdaced a modification of one used in northern Europe. 
This has the needle resting npon a single vertical pivot so 
as to move freely in a horizontal direction, and thns place 
itself with certainty in the magnetic meridian, while at the 
same time being attached to the needle cap by two delicate 
pivots, one on each side, it is free to dip — like that of the 
ordinary miner's compass, described above. 

THE POCKET COMPASS. 

This little instrument, shown 
with Jacob-staff socket in Fig. 
26, though not used in exten- 
sive surveys like the larger com- 
passes we have described, is 
, found very convenient in mak- 
1 ing explorations, or in retracing 
the lines of government sur- 
veys, as in locating land war- 
fig. s6. rants, etc. 
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The siglitft are made with a slote and a hair» on opposite 
Bides; they also have joints near the base, so as to fold over 

The circle is graduated to degrees, and figured tram to 
00 each way, as in larger instmments. 

The needle is suspended upon a jeweled centre, and in. 
raised by the lifter shown in the cut. 

The jaoobHstaff socket is often used with the oompaai» 
being screwed to the under side, and detached at pleaenre* 

The mountings are all that are famished, the staff itseh 
being easily made out of a common walking-stick. 

We make two sizes of the Pocket Compass, differing 
mainly in the needle, which in one is two and a half, in the 
other three and a half inches long. 

The larger size is also sometimes provided with two small 
levels, let into the face of the compass ; these are not shown 
in the cut. 



VERNIEB POCKET COMPASS. 

This instrument, shown in the engraving, has also a 
three and a half inch needle, and is furnished with a vernier 
outside, reading to five minutes, by which the sights can be 
placed at any desired angle with the line of zeros, so as to 
set off the variation of the needle, as with the Vernier 
Compass. 

The compass is famished with jacob-staff mountings; 
sometimes, if desired, with a very light tripod, as shown in 
the engraving; has two levels, and is neatly packed in a 
mahogany case. 

It makes a most excellent and portable little instrument 
in locations, and is especially useful for the surveyor of 
government lands. 
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General IVEatters. 



TRIPODS. 

In the tripods of all our instruments, the upper part of the 
leg, is flattened, and fitted closely in the surfaces of the 
brass cheek pieces. 

The cheeks are made very broad, and give a firm hold 
upon the leg", which may be tightened at any time by screw- 
ing up the bolts which pass through the top of the legs ; 
this is especially necessary after the surface of the wood 
has been much worn. 

The legs Are round, and taper in each direction from a 
swell, turned about one-third the way down, from the head 
to the point. 

The point, or shoe, is a tapering brass ferule, having an 
iron end ; it is cemented, and riveted firmly to the wood. 

The legs of all our tripods are about four feet eight inches 
long, from head to point. We make five sizes of tripods, 
which we will now separately describe. 

1. The Compass Tripod, seen in part in the cut of the 
vernier transit, and having the brass plate to which the 
cheeks are attached, three and three-fourth inches in diameter, 
and legs which are about one inch at the top, one and three* 
eighths at the swell, and seven-eighths at the bottom. 

The legs are usually made of cherry, sometimes of maho- 
gany, and the tripod is used with the various kinds of com- 
passes, and with the vernier transit. 

2. The Mbmuic Sized Tripod, shown with the surveyor's 
transit, and having a plate of same diameter as above, but 
with the checks made considerably broader, by curving at 
each end ; the legs being also about an eighth of an inch 
larger throughout. 

This tripod has mahogany legs, and is used with the 
surveyor's transit, the light engineer's transit, and the six- 
teen inch level. 
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3. The Heavy Tripod, shown with the engineer's transit, 
trying a brass plate of four and one-fourth inches diameter, 
with extended cheek pieces, and with legs one and three- 
eighths of an inch at the top, one and three-fourths at the 
swell, and one and an eighth at the point. 

The heavy size has also mahogany legs, and is used witu 
the engineer's transit, and larger leveling instruments. 

4 Short Tbipods, fob Mines. — Tripods of one half the 
usual length, for mining engineering, furnished in place 
of those usually sent, if so ordered. 

5. Jointed Tbipods. — ^When parties so order we put screw 
joint and point in the centre of each leg of tripods, which 
enables the engineer to use it for mining purposes ; this 
improvement adds $5 00 to the cost of instrument or tripod. 

Lacquering, 

All instruments are covered with a thin varnish, made by 
dissolving "gum shellac in alcohol, and applied when the 
work is heated. 

As long as this varnish remains, the brass surface will be 
kept from tarnishing, and the engineer, by taking care not 
to rub his instrument with a dusty cloth, or to expose it 
to the friction of his clothes, can preserve its original fresh- 
ness for a long time. 

Bronze Finish, 

Instead of the ordinary brass finish, most engineers prefer 
instruments blackened or bronzed. This is done with an 
acid preparation, after the work has been polished, and gives 
the instrument a very showy appearance, besides being 
thought advantageous on account of not reflecting the rays 
of the sun as much as the ordinary finish. 

We finish our instruments either bright or bronze, as 
may be preferred. 



CHAINS. 
Surveyors' Chains. 

Fowl Pole Chains. — The ordinary surveyor's chain is 
sixty-six feet, or four poles long, composed of one hun- 
dred links, each connected to the other by two rings, and 
furnished with tally marks at the end of every ten links. 

In all the chains we manufacture, the rings are oval, are 
sawed, and well closed, the ends of the wire forming the hook 
being also filed and bent close to the link, so as to avoid the 
danger of "kinking." 

A link in measurement includes a ring at each end. 

The handles are of brass, and each forms part of the end 
links, to which it is connected by a nut, by which also the 
length of the chain is adjusted. 

The tallies are also of brass, and have one, two, three, or 
four, notches, as they are ten, twenty, thirty, or forty, links, 
from either end ; the fiftieth link is rounded, so as to dis- 
tinguish it from the others. 

Two Pole Chains. — In place of the four pole chain just 
described, many surveyors prefer one of two rods or thirty- 
three feet long, having but fifty links, and counted by its 
tallies from one end in a single directioji. 

Snap for Altering Chains. — We often make four pole 
chains so arranged, that by detaching a steel snap in the 
middle, the two parts can be separated, and then one of the 
bandies being removed in the same manner, and transferred 
to the forty-ninth link, a two pole chain is readily obtained 
This modification is made whenever desired, and without any 
additional charge. 

Vailv, Meter, and Pennsylvania Chains. See Price List 
pages 8 and 9. 
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Sizes op Wire. — Oar surveyor's' chains are made of the 
best refined iron wire, of sizes No. 8 or 10, as may be pre- 
ferred ; the diameter of No. 10 wire being about one- 
eighth of an inch, and that of No. 8 wire nearly a sixteenth 
larger. 

Engineer^ Chains 

Differ from the preceding, in that the links a.e each 13 
inches long ; the wire, also, is usually much stronger. 

They are either fifty or one hundred feet long, and are 
furnished with handles, tallies, &c., and sometimes with a 
fwivel in the middle to avoid being twisted in use. 

In place of the round rings commonly made, we have 
substituted in these, and our other chains, rings of an oval 
form, and find them almost one-third stronger, though made 
of the same kind of wire. 

Sizes of WtRE. — ^The wire used fot these chains is com- 
monly of No. 5 or 6 ; the first being nearly one-fourth of an 
inch in diameter, while No. 6 wire is about one-sixteenth 
smaller. 

The wire is of the first quality, and the whole chain is 
made- in the most accurate and substantial manner. 

Steel Chains, 

Chains made of steel wire, though more costly than those 
which we have just described, are yet often preferred on 
account of their greater lightness and strength. 

They are made of any desired size or length, generally 
of No. 10, rarely of No. 8 wire, and are very stiff and 
strong. 

Brazed Steel Chains. — ^A very portable and excellent 
"neasuro is made, by a light steel chain, each link and ring 
of which is securely brazed^ after being united together and 
tested the wire is also tempered. 
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The mre genei^y used by ns is of size No. 12, the rings 
are of oval form, the cham^ though exceedingly light, ia 
almost incapable of being either broken or stretched. 

Onr steel brazed chains have been fonnd exceedingly 
desirable for all kinds of measurement, and for the nse of 
engineers upon railroads and canals have almost entirely 
superseded the heayier chains. 

Orumman*8 Fateni Chains. 

These chains, inyenfced and patented by J. M. Gramman, 
of Brooklyn, N. T., are made of very light steel wire, the 
links being finely tempered, and, as shown in the iUnstration, 




so formed at the ends as to fold together readily, and thus 
dispense with the use of rings. 

This construction gives only one-third as many wearing 
points as the ordinary chain, and aififords the utmost facility 
for repairs, from five to ten extra links being furnished with 
each chain, which have only to be sprung into place to replace 
Buch as may have been broken ; it can also be taken apart 
at any link, and, by having a spring-catch on either handle, 
b« made of any length desired. These chains are made ct 
, three different sizes of wire — the first two, termed drag-chains^ 
being of size No. 12 and 15, and used for measuring on the 
surface, like the ordinary chain ; and the second, called the 
** suspended chain," for very accurate measurements, made 
of No. 18 wire, and with spring-balance, thermometer an^ 
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spirit level attachments, to be held above the surface when IB 
use, the extremities of the chain being marked upon the 
ground by the points of plummets let fall from the ends ol 
the chain. 

The drag-chains are all that are needed in common land 
surveys ; for a mixed practice of village and country survey- 
ingy the spring-balance should be attached to Use drag* 
chains, while for city surveying the suspended chain, with 
all its attachments, is the proper instrument. 

We have purchased the patent for the Grumman chains, 
with the entire right to make and sell them, and shall here- 
after be able to furnish them promptly. 

Vara Chains, 

The Spanish or Mexican Vara, which is in very general 
use in Texas, Mexico, Cuba and South America, is 33J 
inches long. The chains are made of ten or twenty varas, 
each vara being usually divided into five links, a link, in- 
cluding a ring at each end, is, therefore, 6§ inches. A chain 
of ten varas has fifty links ; of twenty varas one hundred 
links. Ea^ch vara is marked by a round brass tally, num- 
bered from one to nine in the ten-vara chain, and from one 
to ten — each way, in the twenty -vara chain. Sometimes, 
but rarely, the vara is divided into four links, a ten-vara 
chain then has forty links, and a twenty vara, eighty links. 

Marking Pins. 

In chaining, there are needed ten marking pins, or chain 
stakes, made either of iron, steel, or brass wire, as may be 
preferred, about fourteen inches long, pointed at one end to 
enter the ground, and formed into a ring at the other, for 
convenience in handling. 

They are sometimes loaded with a little mass of leaid 
around the lower end, so as to answer as a plumb when 
dropped to the ground^ from the suspended end of tim 
chain. 
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To iLse the Chain. 

In using the cbain its len^h must be taken from its 
extreme ends, and the pins placed on the outside of the 
handles ; it must be drawn straight and taut, and care- 
fully examined to detect any kinks or other causes oi 
inaccuracy. 

Our diains are all carefully tested at CTcry ten, some* 
times at every link, and in their whole length by the U. S. 
standard, and when new may always be relied upon a« 
correct 

But as all will alter, more or less, after long use in the 
field, it will be best for the surveyor to carefully lay down 
on a level surface the exact length of the chain when yei 
new, marking also its extreme ends by monuments which 
will not be liable to disturbance. 

He will thus have a standard measure of his own to 
which the chain can be adjusted from time to time, and 
again be used with perfect confidence. 



TAPE MEASURES. 

The best are Chesterman's steel tapes, made of a thin 
ribbon of steel, which is jointed at intervals, and wound up 
in a leathern case, having a folding handle. 

These tapes are of all lengths, from three to one hun- 
dred feet divided into inches and links, or more usually, 
tenths of a foot, and links, the figures and graduations being 
raised on the surface of the steel. 

Chestebmai^'s Metat.t.to Tapes. 
These are of linen, and have also fine brass wires inter- 
woven through their whole length. 
They are thus measurably correct, even when wet 
They are mounted hke the steel tapes, of like lengthy 
and similarly graduated. Foi' prices seepcgea 10 and 11. 
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Siapplement to Maniial. 

1^^ When orderini; goods always elalo n-Jiat edilinn uf Mnaoal, and nambci 

!u Caieiogae. 
',' The prices in tills Cntalojitie may mry bom lime to time, on acconnt of 



DRAWING INSTBUMENTS. 

To g^de the aui-veyor and engineer in the selection of 
Drawing Instramente, we here add a detailud description, 
with illuBtrations and prices of the separate pieoee, and 
caBce of the different kinds in geneml use. 

Those we shall first mention are of Swiss mannfactore, 
and are of the finest quality and finish. 

The Brass Instmments are used in Schools and elemen- 
tary practice. 

The fine German Silver Instruments are of the beet 
German mate, intended for Engineers, Architects, and 
Machinists : 

Svdus Drawing InBtruments. 
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3^. — Dnving Compaas, Jointa in legs. GJ iacliee long, with pen, |>eiicU- 

aaa.— Dntwing CompMa, 6) Jnchee long, wllh pou. pencU-liolder, len^tlieiiliig 

bar u^d needle-point.^ ^ 8 AO 

SOT.— DAwJng GompABQeH, 6^ incbeH loiigp with fixed He«dls Point uid Loo** 

Fen ud Pencil Folu ts and Leogtlieaing Bu. <l TE 

S2g.—H*lT Spring DiTJders, «1 Inches long 2 6» 

»2C — " " B to fl Inohe* loBg 3 00 

MO.— Plain DiTiderB, *i inch 1 » 



aM.— Drawing CompiH, 4 inch, irtUi pen, poocil-holder, md needle-point 6 00 

234. — Drawing Gamp***^ 4 inch, vlUk fixed needle-point, and pea and pencil- 
point, dtangeabl*.........,.....,..,. „.,.„..,.. B 2S 

SJS-— FnportiODal Diildere, ej incboalong, finely gntdnaled for lines S 75 

IK,— Prc^QriionalDlridori, 6J Inches lone, flndy b'KIu*'*'! foe lines an4 poly- 

t-ons 10 00 

237. — Proportional Dlvldflra, i> inchea long, finely graduated for llnee and polf- 

gons 11 IS 

233.— Proportional DiTiders, lachea long, with micrometer adjuslmcnt (S38). 

finely giadoated lOc lines ud polygons 14 7S 



II 
I 



130. HI. 2U. 24E. UB. U 

— Proporilonal IMTidera, B Inchea long, with nek adJuBtment, gradnated 

toe lines i: 

—Beam Coin]iiue, ]}-10lDDbas long. In two OeimHi BilTerban 11 
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No. Price. 

941.— Beam Compass, 21 inches long, in 3 German Silver bars 13 00 

242.— Beam Compass, 36 „ 4 German Silver Bars 19 00 

243.— Beam Compass, 64 ** 4 German Silver Bars. 22 60 

2i4. — Triangular Compass 6 26 

246. — Dotting Pen, with one wheel $2 65, with six wheels 4 00 

246.— Dotting Pen, New Style, in case, fine article 3 60 

247.— Boad or Double Drawing Pen 4 16 

248.— " •« " Joint on each side 3 80 

260.— Pocket dividers, with sheath 3 00 

261.— Whole and Half Dividers 4 30 

262.— Universal Compass, with points to shift 8 60 

263.— " '« «• to TUBN 9 00 

264. — ** (« " to change, and handles to bow pen and 

pencQ , 10 00 






256. 266. 267. 269. 260. 261. 

366.— Dividers, 4 inches long, with two fixed Needle Points 3 26 

266.— Dividers, 4 inches long, with fixed Needle Point and Pen Point 3 60 

267.— Dividers, 4 inches long, with fixed Needle Point and Pencil Point 3 60 

268.— Lerge Steel Spacing, Dividers 6-inch 8 20 

269.— Small Steel Spacing Dividers, Scinches 1 70 

260.— Small Steel Spacing Dividers, 3^ inches long. Ivory Handle and Needle 

Points 3 00 

261.— Small Steel Bow Pen, Scinches 2 25 

262.— Small Steel Bow Pen, Needle Point 3 00 

263.— Small Steel Bow Pencil, 3J inches 2 25 

264.— Small Steel Bow Pencil, with Needle point 3 00 

266.— Bow Pen, German Silver 2 65 

267.— Bow Pen, with pencil-holder, German Silver ' 3 60 

271.— Eccentric rule 2 66 
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Ko. PrUe. 

aiS.— DniwingPen, wtlhjolDt, 41inchMloiig I » 

378.- '• '■ Bi -' ITO 

277.- " " 61 " 1 9S 

178. — Beajn Compue rurDiturflj for wood beuuB, $t^ 3D; ia Morocco box.... ... 8 7ff 

ter, witii 2 peiiA, peucil-Lold«r tad ueedlc point ......... .... 6 SO 

BOXES FOR DRAWING INSTRUMENTS. 

or wiUiut, highly ani.hed. ' 

SETS OF EXTRi FINE SWISS DRAWING INSTRUMENTS. 

»00.— Conbuns pair platu Dividers. No. ;i3l, 

Sctof lustrnmenU, Ho. 226. 

Steel Spuing Divider, No. 2SB, 

Steel Bow-Pen, SJ inches. No. 261. 

Bteel Bow-Pencil, SJ inchee. No. 260. 

Drawing Pen, Bo. 276. 

Triangular 3™1b, fi inch JM 00 

SOI.— Contains pair plain Divider*, No. 231. 

Do. No. 23S. 

Do. Ho. 277. 
Trlaogntar Scale 6 Inch (St H 
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No. Price. 

302.— Ooutains pair plain Dividers, No 231. 
Set of Instmments, No. 226. 
Do. No. 233. 
Bow Fen, German Silver, No. 266. 
Drawing Pen, No. 275. 
Do. No. 277. 
Triangular Scale, 6 inch $29 00 

303.— Contains pair plain Dividers, No. 231. 
Pair Hair Spring Dividers, No. 229. 
Set of Instruments, No. 226. 
Steel Spacing Dividers, No. 259. 
Steel Bow Pen, No. 261. 
Steel Bow Pencil, No. 263. 
Drawing Pen, No. 276. 
Do. No. 277. 
Triangulai* Scale, 6 inch $30 00 

304.— Contains pair plain Dividers, No. 281. 
Pair Hair Spring Dividers, No. 229. 
Set of Instruments, Nos. 226 and 233. 
Bow Pen, Oerman Silver, No. 266. 
Drawing Pens, Nos. 275 and 277. 
Triangular Scale, 6 inch $33 oa 

The following sets have beautifully fluished Walnut Boxes, 13 laches long 
by 6 inches wide, with lock and key and iray. 

305. — Contains pair plain Dividers, No. 231. 
Set of Instruments. No. 226. 
Steel Bow Pen, No. 261. 
Drawing Pens, Nos. 275 and 276. 
Triangular Scale, 12 inch $23 00 

306 — Contains pair plain Dividers, No. 231. 
Set of Instmments, Nos. 226 and 233, 
Steel Bow Pen, No. 261. 
Steel Bow Pencil, No. 263. 
Drawing Pens, Nos. 275 and 276. 
Triangular Scale, 12 inch - $31 60 

The following sets have beautifully finished Rosewood Box«8, 18 inches long 
by 7^ inches wide, with lock and key and tray. 

807.— Contains pair plain Dividers, No. 281. 
Pair Hair Spring Dividers, No. 229. 
Set of Instruments, Nos. 226 and 288. 
Fair Steel Spacing Dividers, No. 2S9. 
Steel Bow Pen, No. 261. 
Steel Bow PencU, No.268. 
Drawing Pens, Nos. 276, 276 and 277. 
Triangular Scale, 12 inch f.^M 
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No. 

808.— Contains pair plain Dividers, Na. 231. *''**^ 

Pair Hair Spring Dividers, No. 229.' 

Set of Instruments, Nos. 226 and 28 

Proportional Dividers, No. 236. 

Steel Spacing Dividers, No. 269. 

Steel Bow Pen, No. 261. 

Steel Bow Pencil, No. 263. 

Drawing Pens, Nos. 276, 276 and 277. 

Triangular Scale, 12 inch .... 

809.— Contains pair plain Divider^, No. 231. **^ ^ 

Pair Hair Springs Dividers, No. 229. 

Set of Instruments, Nos. 226 and 233. 

Proportional Dividers, No. 236. 

Steel Spacing Dividers, No. 269. 

Steel Bow Pen, No. 261. 

Steel Bow Pencil, No. 263. 

Beam Compass, No. 241, 

Drawing Pens, Nos. 276, 276 and 277 

Koad Pen, No. 248. 

Dotting Pen, one wheel No. 245. 

Triangular Scale, 12 inch 

velvet. ^ "^^ ^^' •"^ ^^®^ "^^ toest siUc 

810.-Contains pair plain Dividers, No. 231. 
Pair Hair Spring Dividers. No. 229.* 
Set of Instruments, No. 226. 
•Proportional Dividers, No. 238 
Steel Spacing Dividers, Nos. 258 and 269. 
Beam Compass, No. 242. 
Steel Bow Pen, No. 261. 
Set of Instruments, No. 280. 
Steel Bow PencU, No. 263. 
Drawing Pens, Nos. 275, 276 and 277 
Boad Pen, No. 247. 
Dotting Pen witii 6 wheels. No. 246. 
Protractor. 
Triangular Scale, 12 inch 

Set of Color Cups 

' $106 00 

ALTENEDER'S PATENT JOINT DRAWING INSTRU 

MENTS. 

The exceUeuoy of these instruments consists to the joints of the divider. 
^"Ielr'*™r^" *" ^"™"* -yl«-«ul« motion when ^rC 
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»TB boieB made to suit, •* na xiaitlucal cost of from 13 to tW, uccrd- 



■IS.— n>ln Diilderi a( Osrmui Sllier, 3^ Incbei long, vtUi Altuwdsr'i p*t<Dt 

Joint, escU %: 

aiT.— Plain DiTiaen of Oerauui Silver. G inclies Iook, witli Alteneder'* putoot 

aia^-PIain DlvidBrs of Oernuu Silver, 8 iiwIiM Jong, with Alien«der's patent 

319.— Ssir BprlDg Dividers of Oemua SUtbt, 3} iDCh«B long. niOi Altenedu's 

patent loiut, eacli ! 

no.— Hair eprlug DWldera oC Oemum Silier, S incbea long, vith Altoneder's 

patent Joint, CBoU i 

391.— H*ir Spring Dividers of Oerman Silver, Indies long, ivlth Alteneder's 

patent joint, e«li < 

811.— Needle Point Dividers, 3^ Inchei long, ot German Silvar, wltli Pencil 

Point and Altender's patent Joint, eacii '■■ < 

an —Needle Point Divldpra, S) inotes long, of Gtcmon Bilvcr, with pen Point 

and Alteoedor'a piteot Joint, eacb i 

SM.— Needle Point Dividers, fl ln.:hea long, ot Semiiui Bilcer, nitli Pen and 

Pencil Point and Lengtlienlng Bar. and Aiteneder'a iieteuC Joint. ' 

SM.- Heedlo Point Dlvidore, SJ Inclica long, of German Silver, vrlth Pen and 

Pencil Point, and Alteneder'H patent Joint ' 

*W.-Sli«1 Point Dividers, 6 Inches lung, with Pen, Pencil. lieedle Point and 
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n.— steel FolDt SlYldeis, S Inciies long, with Pea,.Peucil. Needle PiHni. 

LeDgthenlng Bw uid juiiit lu esuli leg $11 00 

13.— Steel Poiat Dlildera. ajlujioa lD:ig, wilU Pe:i, PeuoiL, auJ Kcedlu Pdiat. T 00 

:0. — Steel Spftclne DWi J:m, 3 luc'.iu lou; 1 OO 

31.-atepJBowPen,aincheB long, round points S as 

K.— '■ ■' " with Kcedla Pulul. 3 00 

M.— " Pencil •' wilh round point 1 3S 

35.— '■ " "■ with Needle Point S DO 

:7. — HayiiD^ Peno, 4} lticb« loau r ....,,..,,.,... ..^......^^ 1 flO 



BRASS DRAWING IHSTRUHEHTS, 




bolder, for bluk-bovtt di 



.— Hnna BWiaaiB, 3J in 



3M.— Bnss TIlTJden, ti liicliea Iqur, «Itli Pen, mid Pencil Points mnd LengOi. 
MS.— Bnue DIvldera, incheB long, with Pen nd Penoll PolDtB and I.eiigtlieu- 
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No. 
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Price. 



866.->firafis Dividers* Needle Point, 4^ inoheB long, wiih Pen and Pencil Points 

and Lengthening Bar $ 76 

SAT, — Brass Diyiders, Needle Point, 6 incbes long, with Pen and Pencil Points 

and Lengthening Bar 1 CO 




E 



rm 




372, 



37i. 



370. — Dividers, brass, medium quality, needle point, with pen u:i*l pencil 

point«, 9 inches ., 60 

871.— Bow Pencil, brass flO 

372. — Bow Pen, brass, needlo points, no spi-iuj: 60 

373. — Bow Pen. brass, needle points, and adjiistiu^ s^riuj 70 



■ 



377. 



^ 



379. 



871.— Furniture for Beam Compass, brazs, with adj.U8ting screw, in morocco ■ 

case ' 6 60 

375.— Bisecting Dividers, brass .* 60 

876. — Proportional Dividers, brass, dividedfor lines, in case . ". 2 25 

377.- Dan-iii'i Pen, black liaiullf 20 
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No. l>ric«. 

878.— Drawing Pen, ivory handle $ 80 

879. — Boulette for dotting lines, with extra wheels 66 

880.— Doable Drawing or Boad pen, Brass mounted 2 26 

CASES OF BRASS DRAWING INSTRUMENTS 

rOB SCHOOLS. 





885.— Wood Box ; pair 4i-iiich Dividers, with pen and pencil points, and 

CrayonHolder $ 60 

886.— Wood Box ; pair 4i-inch Divideni, with pen and pencil points and length- 
ening bar ; Ebony handle Drawing Pen ; Wood Rule, Crayon Holder, 
and Horn Protractor 90 

887.— Wood Box ; Pair of 4i-inch Dividers, with pen and pencil points and 
lengthening bar ; pair of 8i-inch plain Dividers, Drawing Pen, Horn 
Protractor, Wood Rule, and Crayon Holder 1 13 

888. — Rosewood Box; PairSHuch Dividers, with pen and pencil points and 
lengthening bar ; Pair of 4i-inch plain Dividers, Drawing Pen, Horn 
Protractor, Crayon Holder, and Wood Rule 1 60 

889.— Same as 888, with addition of Parallel Ruler 2 OQ 







392. 
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'o. PtIo*. 

93. — Boaewood Box ; Fftlr of O-iach DLviderA, with pen nd peDcil points And 
leu^euiiig bar Pair or 4}-l]iDb pliLn Dlviden. Dnwlag Pen ; P^ at 
3i-iur:li Dividers, nltli peo u»l peucil potnts : Bitisi Protnctor. Hon 

■dRBle tsa 

etc.,inajbe putbalow, per eel B 3S 

M.— Koeenood Box; Pair of G-lnchneedle-poiiit Divlden, vith pen and pen- 
cil polnl9, snd leni^benliig l»r ; Fair 41-<ni:h pUIn Dividers ; Fair of 
Sl-indi needle point Divldere, with pen and pencil poInU ; Dnwtng 

Fen, Br»»B Protractor, Horn Prolcactor. Wood Bnle, per set 3 S6 

D6. — Same a« No. S94, bat with lock and kej and the Inatnunents eet Id b tray, 

96.— Rosewood Bor, with lock and key, the InetnuaentH eet In a tray, bo that 
colon, etc., may be pnt below; Palrof e-lnch needle point Divlden, 
with pen and pencil points, and lengthcnln); bar ; Dnwing Fen, Fair 
4Hnch plain Didders, Brass Frotractoc, Horn Protractor, Pair of 31- 
Inch needlepoint Dividers, with pen and pencil points; Spring Bow 
Pen, wits needle point; WoodKulo. t BC 

n.— Same as No. 898, with the addition or a pair Proportional DiTlders, hu 

no brasB Frotractoc, but has wood Triangle and Icregalar duTes. .... T GO 



FINE GERMAN SILVER INSTRUMENTS. 
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■, dermu BII<er, 



*U,_ ■• '■ ■' ■' ■' 1 " 

111.— HbIt BprlDg IMTlden, Oemuii Bllccr; steel Jojuts, turned clieekB. fi 

tU. — H*ir Spring XHilden, GsmiMi Silver; sUbI Jolnti, turned clie^ke, U 

OnlBli, S lucL 

US.— Hair BprlDg Divider*, Oemun ffilver; eteel jointB, tamed cheeta, 11 

flalBh, fllocb 

«IT,— Osrmim Silver Ftiin Dlvldsrs, S inches long, nltb Huidla 

US.— Dlviaen, Oerman BUver; Ana qulity, needle point, HlUi pen ud pen 

point, 3 inches 

US.— DltidecB, Qerman SllTeri fine quslitr, wlUi needle point, pen, lengthc 

iug t»r, ud pencil polnti. e Inches 

UO.— Dividers, Qemun Silver i C-incb. fine finish, with ehleldCKpocket... 
Ul.— Dividers, Oermsn Bllveri S-lach, three-legged 




*as.— Proportlanal 

4M,— Spscirg Dlvli 
«W.— Bow Pen, k11 I 
*S0.— Bow Pencil, 1 
131.— Spring Bow : 



.n BllvBi 



ong, m 



1. with Bprlngind Adjusting Screw 1 EI 

liandU I M 

rjhsadle 1 « 

lailver Iffi 

" with pccDll point 9 K 
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«33.—I>niv[af; Pen, On^ui EUlvei'. medium flnlsb, hingfl to prn | 4D 

IM. — Uiiw.iiK peu. OcrDian Silvur. flueauuli, Uluge to pen EO 

43ff.— Pi'Hwiiig Pea, GertoaD Silver, Hhq llulali, hint's tu pen, aueI ptotnctiiiff 

pl" "ni 

««,— DwwlDB Pen. BUGetmsn Sliver, for Mil luk 78 

4n.— Dooble DrawliiB, urIUimiPtu 3 76 



Ml.— Furaltim tm Baim OompMsea, aermtu SOier, wltb sdJnetliig sc 



oetet RMden, Oeniiui Siliei, fDldlng pen uid penojl polnla 
Up penmbnlKlor tor meuotlDg the leagtb of curved lla«, rl 



0^ FutieB mntltig atea mide up, can Hiect the pleeea, und <• 
bive boiM made to EUlt, Uta sdditlaiiil coat of from f 1 to tlS. *> 
lug to tbe nlze of tbe boxea, wblcbaremadeof ffliiraeco,iOBewo 
mloBt, blgbl; Onlahed. 
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CASES OF FINE GERMAN SILVER INSTRUMENTS. 

FOa ' EM GIMEEBS, ASCHTIZCTS, AND MACHIMI8TS. 

No. PritisL 
450.— Morocco Box; pair of Scinch Dividers, with Pen and Pencil Points, Draw- 
tag Pen 13 00 

451.— Morocco Box ; pair of 3-inch Dividers, with Pen, Pencil, and Needle 
Points, and Len^henlng Bar, Drawing Pen, No Scale or Protractor. 
Per set 4 60 





451. 452. 

452.— Morocco Box; pair of 6>^-inch Dividers, with Pen aud Pencil Points, 

pair ofS-inch plain Dividers, Drawing Pen 3 50 

463.— Same as No. 453, with addition of Needle Points and Lengthening Bar, to 

Scinch Dividers, per set 5 00 

454.>— Morocco Box, ronnded comers, for carrying in the pocket; pair of 4^- 
inch Dividers, with hinge in one leg, Needle Points, with Pen and 
Pencil Points, and Lengthening Bar, Spring Bow Pen, Needle Point, 
pair of 4-inch Plain Dividers, rounded point. Drawing Pen, ivory han- 
dle, 5-inch Ivory Bule, divided into eighths, per set 7 60 





455. 456. 

455. — ^Morocco Box; pair of 6^-inch Dividers, with Pen and Pencil Points, and 
Leng^ening Bar, pair of 5-inch plain Dividers, pair of 3-inch Dividers, 
with Pen and Pencil Points, Drawing Pen, German Silver Protractor, 
German Silver Square 8 60 

456.— Morocco Box; pair of 6i-inch Dividers, with Pen, Pencil, and Needle 
Points, and Lengthening Bar, pair of 5-inch Plain Dividers, Spring 
Bow Pen, Drawing Pen 6 60 
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13T.— UorwcD Box ; pnlr Df 6J-1dc1i DiTiden. with Pen, pfiDctl slid Needls 
Painti, mnd Lengtbeiiiag Bar, pair of Much plalD Dlilden, pair el 
S-lnctu DivldBn. 'vlUi Peu, Pencil sod N«edls Point, 3 Diswlnci Pens. 
Gsrnum Silver Square, Oermui Silver ProCnutor, per Mt G 

4Bg,— Same iDsCraoieuti u In No. W, In pollBhsd Walnut Box, pel set 11 
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No. . Price. 

469.~" & P. L" Polished Walnut Box, with lock end key and tray, contain- 
ing pair 6| inch Dividera, Pen, Pencil and Needle Point, 1 pair 6 inch 
Hair Spring Diyidera, pair 8 inch Dividers, Pen, Pencil and Needle 
Point, 2 SwlBS Pens, Nos. 276 and 277 $16 00 

MO.— Polished Walnnt Box ; containing pair 6} inch DiTiders, with Pen, Pendl 
and Needle Points, and Lengthening Bar, 
Pair 5 inch plain Dividers, 

Pair of 8 inch Dividers, with Pen, Pencil and Needle Points, 
Spring Bow Pen, with Needle Point. 
2 Drawing, Pens, 
German Silver Square, 
Germftn SlTver Protnctor, 13 60 

461.— Same as No. 460, in Polished Walnut Box, with lock and key and tray. . . 18 60 

462.^*Polished Walnut Box ; containing pair 6^ inch Dividers, with Pen Pencil 
and Needle Paints and Lengthening Bar, 
Pair of 6 inch plain Dividers, 
Pair of 6 inch Hair Spring Dividers, 

^air of 3 inch Dividers, with Pen, Pencil and Needle Pdints, 
Spring Bow Pen, with Needle Point, 
2 Drawing Pens, 
German Silver Square, 
German Silver Protractor 15 00 

468.— Same as No. 408, set In a tray, and the box much larger, with k)ck, thus 

aflbrding space for extra instruments or colors, Ac 15 80 

464.— Polished Walnut Box, with lock and keyand tray ; containing pair 6 inch 

Dividers, with Pen, Pencil and Pen Point, and Lengthening Bar, 

Pair 6 inch plain Dividers, 

Psir 6 inch Hair Spring Dividers, 

Pair 3 inch Dividers, with Pen, Pencil and Needle Point, 

Bow Pen, German Silver, 

2 Drawing Pens, 

1 Bed Ink Pen, 1 Bead Pen, 

Pair Proportional Dividers, No. 425. 

Protractor, 4 inch, half circle, whole Degrees, 

Triangle, and Triangular Scale. 12 inch 86 00 

466.— Same as No. 464, with addition of Beam Compass 81 00 
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Mt^-Pdllihed Bosavood Box, Inlsld, took kud kSTi 'villi tear, iMrlng apace 
belov foe puinta, ralea be, containing pair □( fi^ Incli Needle Point 
niTldscB, with Pen md Pencil Points and Lengthening Bar. 

F^ *i Inch plitiD DlTlden, 

P»lr of 4 Inch, Heedlo Point Diiiders, irith Pen uid Penoll Point*. 

Pkhr oT Pioporeiooal SiTldeci. 

3 Dnwlng Pens, 

Horn Protnctor, 

1 Wood Corra and 3 Wood Sqnuea, 

Bow Fen, Oenuaa SUtbt, 

Itott ^nle, B Inches long. fgl 

MB,— PoUabed Roaewood Boi. InlBld, with bnsa edges, lock and ker, with 

tnv, leaTlng apace below tot painta, ralea, Sx. ; containing pair of 

6-Inch 
Needle Point DlTtcIen, with Fen and Pencil Points and Longlhening Bai, 
Fair 41-lnch phtln Dlvlden , 

Fall of 1-Inch Dlilden, Needle Points, witb Pen and Pencil Faints, 
Fair of Proportloaal DlTlders, 
Bow Pen, Needle Point, 
S DrBWlng Pens, 

Fnrnlnire for Beam Compass, with Hlerometer Screw, 
9-toeh Born Frotractor, 
Ivoij Scale, S Inches long, one edge divided to Inches and d^ths, tbs 

otber to ceutlmetera and milllmetei^ M 
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EXTRA FINE SWISS PROTRACTORS. 




600. 

No. Pric«. 

600.— <Protnuitor» I in. diameter, ^ circle, whole degrees, centre on outer edges. $1 90 
601.— Do.. 6 do. i do. i do. do. do. 2 60 

602.— Do. 6 do. i do. ^ do. do, do. 8 20 

603.— Do. 6 do. i do. ^ do. do. dfK 8 90 




604. 



604.^ 


Do. 


5 


do. 


i do. 


i 


do. 


do. 


do. 


800 


605.— 


Do. 


6 


do. 


i do. 


i 


do. 


do. 


do. 


860 


606— 


Do. 


6 


do. 


i do. 


X 


do. 


do. 


do. 


400 
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EXTRA FINE SWISS PROTRACTORS, OF GERMAN SILVER, 

WITH ARMS. 




w 

510. 
No. Price* 

610.— German Silver Protractor* 5 inches diameter, half circle, with Arm, and 

divided in half degrees, $6 60- 

SlL^German Silver Protractor, 6 inches diameter, half circle, with Arm, and 

divided in half degrees, 7 60 

612.— German Silver Protractor, 7 inches diameter, half circle, with Arm, and 

divided in half degrees, 9 00 

618. — German Silver Protractor, 8 inches diameter, half circle, with Arm, and 

divided in half degrees, 1300 

614. — German SUver Protractor, 6 inches diameter, whole circle, with Arm and 

divided in half degrees 10 00 

616.— German Silver Protractor, 6 inches diameter, whole circle, with Arm, and 

divided in half degrees, •. 13 00 

616.— German Silver Protractor, 7 inches diameter, whole circle, with Arm, and 

divided in half degrees, 14 00 

617.— German Silver Protractor, 8 inches diameter, whole circle, with Arm, and 

divided in half degrees, 16 00 

EXTRA FIRE SWISS PROTRACTORS, OF GERMAN SILVER. 

WITH ARMS AND VERNIERS. 




630.— Protractor, 6J inches diameter, half circle, half degrees, with vernier 

reading to three minutes $11 00 
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No. • Price. 

631.— Piotnustor, 8 Inches diameter, half circle, quarter degrees, with vernier 

reading to one minute $14 60 

CO.— Protractor, 10 inches diameter, hali circle, quarter degrees, with vemier 

reading to one minute 18 00 




\ 



^',/^Jta, ^ _ g4\ 

If Ills.. , _. 

526. 

.626.— Protractor, 6} inches diameter, whole etrde, half degrees, wifh femier 

reading to three minutes 14 60 

626.— Protractor, 8 inches diameter, whole circle, quarter degrees, with Yer- 

nier reading to one minute 16 25 

627.— Protractor; 10 inches diameter, whole circle, quarter degrees, with ver- 
nier reading to one minute 20 00 

JT^Cases for Protractors, of wood, covered with morocco, lined with velvet 

according to size: from $1 00 to $6 00. 

PROTRACTORS OF HORN, BRASS, GERMAN SILVER, IVORY 

AND PAPER. 

686.— Bailroad Curve Protractor, of horn, 8 inches diameter, having laid off on 
it twenty-three curves tsom. \ degree to 8 degrees, with a radius of 400 
feet to the inch..... $1 60 

636.— Horn Protractors, 6 inches diameter, whole circle, half degrees 1 00 

637.— " 6 " " " 1 26 

638.— " 7 *« " " 1 50 

639.— Horn Protractors, 4 inches diameter, half circle, whole degi*ees 16 
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ler 



640. 




646. 




No. Price. 

640.— ^Hom Protractors, 6 inches diftmeter, half circle, half degrees $ 25 



641.— *♦ 6 

642.— " 7 

643.— " 8 

644. — ^Braas Protractor, 4 
646.— " 4 



646.— 
647.— 



u 



6 

6 



<• 
i« 

4< 
t< 
4( 

It 



« 



It 
U 
« 
«l 



whole degrees. 

half degrees... 
« 



<« 



648.— Oermaa Silyer Pzotcaotor, 4 Inches diameter, half oirde, whole degrees. . 



64B.— 
650.— 
661.— 
662.— 
653.— 
654.— 



u 
« 

•4 

4« 



<t 
4( 
44 
4( 
<4 

u 



6 
6 
7 
6 
6 
7 



44 
4« 

«4 
44 
44 
4( 



half degrees. .. . 

44 



80 
60 
80 
10 
86 
65 
65 
60 
85 
1 00 
1 15 



4« 

44 

4« 44 

«( beveled edge, half deg. 1 85 

44 44 U 3 00 

<4 44 a S 66 

666.— Hard Bnbber Protractor, 6 inches diameter, half eirde, beveled edge, 

half degrees 4 00 

666.— " " 8 *• «• •* 6 GO 

667.— •* «« 6 " tvhole circle, beveled edge. 

half deg 6 00 

658.— «• " 8 " " ** 6 60 

669.— " " 10 *« " " 8 00 

Other sizes and graduations to order. 

PAPER PROTRACTORS. 

660.-11911016 Circle Protractor, 13 inches diameter, half degrees, on drawing 

paper, each $ 90 

661.— Whole Oirde Protractor, 18 inches diameter, half degrees, on Bristol 

boards, each 40 

662.— Half Oirde Protractor, whole degrees, 4 inch, Bristol boards 20 

663.— Half Oirda Protractor, 6 inches diameter, half degrees, on Bristol boards, 

each 25 

664.— Half Oirole Protractor, 8 inches diameter, half degrees, on Bristol boards, 

each 80 

6G5.— Circular Protractor on tracing paper, 14 inches diameter, quarter degrees 
(these are used by the U. S. Coast Survey, and 17. S. Kavy, and give 
entire satlsfiction.) 26 

IVORY PROTRACTORS. 



RS 



^^\V\^^'^l\^^l^) i y1y i w gffif 




^i"'^*m'»"J"[J S 



71 



, 9tA , 




6 , a6 ,»",», W 






a 
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Vo, Ptioe; 

bib. — Ivory Bectangnlar Protractor, 6 inchee long, l}i inches wide, with Bcales 
M follows: flront sides divided around edges from to 180 degrees in 
single degrees, scales oi }it yi,}i and 1 inch to the foot, and scale of 
chords. Beverse side scales of 80, 35, 40, 45, 50 and 60 parts to the 
inch, scale of chords and diagonal scale of inches and i^o^^^ t^ ^^ 

570. — ^Ivory Bectangular Protractor, 6 inches long by 1% inches wide, with 
scales as follows: front side, the edge divided in single degrees from 
to 180 degrees, scales of >^, ^, X» K. %» %» %» and 1 inch to the foot, 
and scale of chords. On the reverse sides, scales of 30, 35, 40, 45, 50 
and 60 parts to the inch, scale of chords and diagonal scale of jj^^ths. .. % 35 

£77...lTory Bectangular Protractor, 6 inches long by 2 inches M^ide, with scales 
as follows: troni side, the edge divided in single degrees fro^Oto 
180 degrees, scales of %, }^, %» K, ^, K, %, 1, 1%, l}i inches to the 
foot, scale of chords, and line of 40 parts on lower edge. On the re- 
verse side, scales of 20, 26, 30, 35, 40, 46, 60, 60 parts to the inch, diag- 
onal scale of iJo**^« ^ ^ 

678.— Ivory Bectangular Protractor, same as 17o. 677, but has the Protractor 

divided In >iJ degrees 4 OQ 

S79. — ^Ivory Bectangular Protractor, 6 inches long by 2>4 inches wide, with 
scales as follows: front side, the edge divided in }i degrees from to 
180 degrees, scales of K, ^, %, %, ^, %, Ji, 1, IX, Ijtf. 1%, IK Inches 
to the foot, scale of chords, and scale of 4.0 parts on lower edge. Be- 
verse side, scales of 10, 15, 20, 25, 30, 35, 40, 45, 50, 60 parts to the inch, 
and diagonal scale of i^o^hs 4 60 

580.— Ivory Bectangular Protractor, 6 inches long by 2>^ inches wide, with 
scales as follows: front side, the edge divided in % degrees tcom. to 
180 degrees, scales of X, K» %* H» ^ K. %, 1. IK, l>i» 1^» IK inches 
to the foot, scale of chords, and scale of 40 parts on lower edge. Be- 
verse side, scales of 20, 25, 30, 35, 40, 45, 50 and 60 parts to the inch, 2 
■cales of chords, scales of latitude, sines, tangents, hours, longitudes, 
secants, rhombs • • .^. 00 

581.— Ivory Bectangular Protractor, 8 inches long by 2 inches wide, with scales 
as follows: front side, the edge divided in K degrees from to 180 de- 
grees, scales of K, K, K. K, K. %. K. 1 i^^h to the foot, scale of chords 
and scale of 40 parts on lower edge. Beverse side, scales of 30, 36, 40, 
45, 60, .60 parts to the inch, scale of chords and diagonal scale of iJotlis- * W) 

682.— Ivory, Bectangular Protractor, 12 inches long by 2K inches wide, with 
scales as follows: the edge divided in K degrees from to 180 degrees, 
scales of X. K- %. K, ^, K. %> 1. 1K» IK. IK. 1^. scale <>' chords 
and scale of 40 on lower edge. Beverse side, scales of 10, 15, 20, 26, 80, 
85, 40, 45, 50, 60 parts to the inch, scale of chords and diagonal scale of 
ilotlis 1160 

IVORY SECTORS AND SCALES. 




600.— Ivory Sector, 6 inches long, opens to 12 inches long 
691.-.Ivory Scale, 6 inches long, for school drawing 
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IVORY CHAIN SCALES. 
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593. 
No. Price. 

£93. — ^iTory Chain Scales, 12 inches long, graduated on two edges with either 
10 and 10 parts, or 10 and 20, or 20 and 40, or 30 and 60, or 40 and 60, 
orSOand 60, each $3 00 

694.— Do. do. do. with 40 and 80, or 60 and 100, each. . . 5 25 

695.— Do. do. do. with 80 and 100, each 5 76 

696.— lYory Off-set Scales, 2 inches long, 10 by 10, 10 by 20, 20 by 40, 30 by 50, 

40 by 60, each :. 65 

IVORY ARCHITECTS' SCALES. 




697.— Ivory Scale, 12 inches long, with 16 scales, as follows: K, ^«, Xt %t K> 
Hf K* %, 1» V4» 1>^. 1^, 2, 2^, 2>i and 3 inches to the foot, the first 
division of each scale subdivided in 12i>arts, each $3 00 

698.— Same as No. 597, but with the first division of each scale subdivided into 

10 parts, each 3 00 

699.— Ivory Scale, 12 inches long, with 12 scales, as follows: X> ^9* K* %* %* 
%, 1, lyit l^it ^X» 2 and 3 inches to the foot, the first division of each 
scale subdivided into 12 parti, diagonal scale reading to ^^q and ^J^o ^^ 
an inch, each 8 00 

600.— Same as No. 599, but has the first division of each scale subdivided into 

10 parts, each 3 00 

601. — ^Ivory Scale, 12 inches long, one side rounded, the other flat, with the 
following scales, the graduations of which are all brought to the edge: 

At X. A. ^f %* >i» ^t K» %. 1. 1)^» l>a. 1%. 2, 2K and 3 inches to 
the foot, the first division of each scale is subdivided into twelve parts, 

each 3 00 

602.— Same as No. 601, but the first division of each scale subdivided into ten 

parts, each. 3 00 

BOXWOOD SCALES AND PROTRACTORS. 




605. Fbqnt Sidb. 
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170. Prlofli 

005.— Boxwood Protrftctor, 6 inches long, 15^ incIieB wide, whole degrees, with 
6 scales of equal parts, 4 scales of feet and inches, 2 scales of chords, 

and diagonal scale $0 90 

608.— Boxwood ScalB» Inches long, same as in School CSases of Instruments. . 20 

BOXWOOD CHAIN SCALES. 




608. 

608.— Boxwood dudn Scale, 12 inches long, graduated on t?ro edges with either 
10 and 10 parts, or with 10 and 20 parts, or with 20 and 40 parts, or with 
80 and 60 parts, or with 40 and 60 parts, or with 60 and 60 parts $1 25 

609.— Boxwood OfP«et Scales, 2 inches long, graduated 10 by 10, 10 by 20, 20 by 

40, 80 by 60, 40 by 60, each 26 

ARCHITECTS' BOXWOOD SCALES. 




610. 

610.— Boxwood Scale, 12 inches long, with 16 scales, as follows: >^, f^, >^, fi, 
K, H» Hf %. 1. IX. 1 ^. 1%, 2, 2)i, 2>i and 8 inches to the foot, the 
first diYision of each sciJe subdivided^ 12 parts, each $1 25 

611.— Same as No. 610, but with the first division of each scale subdivided into 

ten parts, each 126 

612.— Boxwood Scale, 12 inches long, with 12 scales, as follows; %, ^a, X, K» 
H* %> If 1>^» 1>^* l}i, 2 and 8 inches to the foot, the first division of 
scale subdivided into 12 parts, and diagonal scale reading to i&oths and 
s^ths of an inch, each 1 26 

618.— Same as No. 612, but has the first division of each scale subdivided into 

10 parts, each 1 26 

614.— Boxwood Scale, 12 inches long, one side rounded, the other flat, with the 
following scales, the graduations of which are all brought to the edge: 
A. K. A. yif H* }i. H. K. %* 1. l>i. l>i. l?i. 2, 2% and 8 inches to the 
foot, the first division of each scale subdivided into 12 parts, each I 26 

616.^Same as No. 614, but has the first division of each scale subdivided into 

10 parts, each 191 

TRIANGULAR BOXWOOD SCALES. 




\>N^^<§^^5$$$$$^^S^^N-i^^^$^^^^ 



621. 
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No. Price. 

02O.->Triang^alar Scale of Boxwood, 24 inches long, graduated 10, 20, 90, 40, 60 

and 00 to the inch ; or, 20, SO, 40, 60, flOaaidSO, to the inch $6 00 

621.~Triangalar Scale of Boxwood, 12 inches long, graduated 10, 20, 30, 40, 60, 

and 60 to the inch; or, 20, 30, 40, 60, 60 and 80 to the inch. 2 00 

622. — Do. do. 12 inches long, graduated 100, 200, 

800, 400, 600, 600 to the foot each 2t» 

623 — I>o. do. 6 inches, graduated suae aa No. 620. 1 60 

624.— Triangular Scales of Boxwood for Off-seta, 2 in<dies long, 10, 20, 30, 40, 

4e. 60 and 60 parts.... 76 

625.->Triangular Scales of Boxwood, 24 inches long, graduated j/^, ^g, >^, ^^ ^, 

Ht K» It ^>iBf 3 inches and 16ths to the foot 6 00 

626. — Do. do. do. 12 inches long. 2 00 

627.— Do. do. do. 6 do. 1 60 

TRIANGULAR GERMAN SILVER SCALES. 

fijwiipiQTnniiTi 



3E 




630. 

630. — ^Triangular Scale of German silver, silver plated, 12 inches long, gradu- 
ated >^, yi, %» Kf Kt and 1 inch to the foot, each, $6 00 

631.— Triangular Scale of German Silver, silver plated, 12 incnes long, gradu- 
ated %, >i. A, ^g, %, %, >i, 1, li and 3 inches to the foot, each , $6 00 

632. — Triangular Scale of Gernuui Silver, silver-plated, 12 inches long, grad- 
uated 10. 20, 80, 40, 60 and 60 to the inch,each, 6 00 

633.— Guard for Boxwood Scale, white metal. The use of this Guard, prevents 

all errors 9S 

635. — ^Boxwood Gunter Soales, 12 in. long 75 

636. — do. Gtmter Scales, 24 in. long 125 

637.— Polar Planimeter, with printed instructions 80 00 

By means of Amsler's Polar PlanimetM^ a pwson entirely ignorant of Ge- 
ometry may ascertain the area of any planimetrical figure, no matter 
how irregular its outlines may be, more correctljr, and in much shorter 
time, than the most experienced Slathematioiau could calculate it. 

The management of the instrument ca|i be easily learned in half an 
hour, and in size it is no larger than a two-foot foldii^ rule. 

The Planimeter indicates square feet or square inches, and acres for sur- 
veying. 

PAPER SCALES. 

040.— Paper Scale, printed on card-paper, 1)^ inch wide, 12 inches long, gradu- 
ations on one edge inches and lOths, and the other feet and lOOths .... $ 10 

641.— Paper Scale, same as 640, one edge 20 parts to the inch, the other edge 

40, 10 

642.— Paper Scale, same sa 641, one edge inches and sixteenths, the other edge 

inches and forty-eighths, 10 

643.— Paper Scales, printed on card-paper, 19 inches long, for architects and 

engineers, in sets of 6 scales 1 00 
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No. Price. 

6U.-49eflei A contains 6 scales, one each divided to }i, y^, }i, 1, 1%, and 3 in- 

chei to the foot, per set %\ oo 

64B.>49ezles B contains 6 scales, one each, divided to A, K> A* A* V** *^d ^ 

Inch to the foot, per set 1 oo 

648.^Serie8 contains 6 scales, one each, divided to 10, 20, 80,40, 60 and 60 

parts to the inch, per set 1 00 

Single Scale of any of the above series. A, B, 0— each scale, 20 

647.— Paper Scales, same as 643, divided either to ^, 1%, lyi, 1%, inches to 

the foot, each 20 

The advantages of theeo scales are— they expand and contract nearly the 
same as drawing-paper, do not soil the work, and distances can be set 
off from them without the use of dividers. 

We Manufacture, to order, scales to any Divisions, in Ivory Boxwood or Bubl>er. 



STEEL RULES, GAUGES, SQUARES, CALIPERS, FOR 
MACHINISTS, STRAIGHT EDGES, &c. 

STANDARD STEEL RULES. 

Always give graduation when ordering these goods. 

600.— Steel Bule 1 inch long \ % 2ff 

651.— Do. 2 do 85 

652.— Do. 8 do 40 

653.— Do. 4 do 60 

654.— Do. 6 do. 85 

656.— Do. 9 do 135 

666.— Do. 12 do , • 160 

657.— Do. 18 do 8 50 

658.— Do. 24 do 8 60 

4W9.— Do. 86 do • 760 

660.— Do. 48 do 12 00 

The rules in this list are divided five ways in parts of Inches as follows : 

No, 1 GTodvMiximt. No. 2 Qraduationi, No, 3 C/raduaUont, 

Ist cor. 10, 20, 60, 100 10, 20, 50, 100 16, 82, 64 

2d cor. 12, 24. 48 12, 24, 48 16 

8d cor. 16, 82, 64 16, 32, 64 16 

4ih oor. 14, 28 8 8 

No. 4 Cfraduatumt, No. 6 GraduaHont, 

1st cor. 64 Ist cor. 82 whole length. 

2d cor. 82 2d cor. 48 do. 

8d cor. 16 8d cor. 60 do. 

4th oor. 8 4th cor. 64 do. 
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STEEL RULES NO. 5 GRADUATION. 

No. Priee. 

061.— 12 m. Btecl Bole of No. 5 graduation |3 60 

662.— aiin. Po. do. do. do. do 6 00 

No. 6 Cfraduatioiu, 

let cor. 16, 82, 64 

2d oor. 11, U. 16, 17, 18, 19, 20, 21, 22, 28, 24, 26 
8d cor. 26, 27, 28, 29. 80, 81, 88, 84, 86, 86, 87, 88 
4tli cor. 89, 40, 41, 42, 48, 44, 46, 46, 47, 48, 49, 60, 100 

FRENCH STANDARD STEEL RULES. 

664.— steel Bule, 1 Metre long $9 00 

666.— Do. K do 3 60 

666— Do. A do SOO 

667.— Do. J do 160 

668 — Do. ^ do 76 

669.— Do. ^ do 40 

They are divided on three edges to millimetree, and on one edge to fifths 
of millimetres. 

Steel Bnle, ) Metre, send by mail on receipt of 175 

Do. ^ do. do. do. do 80 

Do. ^ do. do. do. do 45 

TRIANGULAR STEEL RULES. 

670. 

870.— TriangiiUr steel Bnle, 8 inches long .$ 60 

671.— Do. do. do, 4 do. do 75 

672. — Do. do. do. 6 do. do 100 

678.— Do. do. do. 12 do. do 8 00 

Omduationi. 
16, 64, 100 to the inch whole length. 
16, 82, 64 Do. do. do. 

20, 60, 100,-12, 24, 48,-16, 82, 64 to the inch. 
The 12 in. are divided only as foUows: 8, 10, 12, 14, 16, 20, 24, 28, 48. 60, 64, 100 to 
the inch. 

SQUARE STEEL RULES. 

676. 
676 — Square Steel Bule, 8 inches IcDg $ 40 
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No. Pneew 

676.— Square Ste6l Bnle, 4 inches long $ fiO 

677.— Do. do. 6 do. do , & 

OraducUiont.. 
8, 16, S2, 64 to the inch whole length. 
16, 91, 64, 100 Do. do. do. 
16, 64, 60, 100 Do. do. do. 

STANDARD STEEL STRAIGHT EDGES. 

Of same width and thickness as Standard Bules. 

680. — Gin. long, 1 in. wide, ]^in. tUck $ 70 

681.— 9in. Do, IK in. do. j^ in. do. 90 

682.-12 in. Do. Ijl^ in. do. ^ in. do ; ISO 

683.— Win. Do. IK in- do. J4 in. do. ..• 180 

684.— 24 in. Do. 2 in. do. K *»• do 2 50 

685.-36 in. Do. 2K in. do. K to* do 6 00 

686.— 48in. Do. 8 in. do. K^. do 8 00 

STEEL STRAIGHT EDGES. 

FOB DSAUOHTBMSN* 

690.— 16 in. long, IK in* Wide, ^ in. thick $1 00 

691.— 18in. Do. IK to. do. ^ in. do. « 140 

692.— 24in. Do. IK to. do. ^ in. do. , 180 

693.— 30 to. Do. IK to. do. j^ in. do 8 75 

694.— 36 in. Do. 2 in. do. ^ in. do. : 8 75 

695.^42in. Do. 2K to. do. ^ in. do 4 75 

696.— 48in. Do. 2K to. do. ^ in. do 6 00 

<{97.-.€0in. Do. 2Kto. do. ]^in. do .«..• 8 25 

SHRINK RULES FOR PATTERN MAKERS. 

700.— 24K toch Steel Bnle, shrink on one side and standard oh the other, divided 

on each side, 10, 20, 60, 100, 12, 24, 48, 16, 82, 64, parts to indh $4 00 

701.— 24K inch Steel Bnle, shrink on both sides. No. 1 graduation ... 4 00 

702.— 24K toch Boxwood Bule, shrink on both sides, No. 1 graduation 8 00 

STANDARD SCALES AND CENTRE GAUGES-STEEL 

706.— 86 inch steel or standard Yard, tUU, divided $8 00 

706.-<^7rench Standard Metre, divided on 3 edges to millimetres, and one edga 

to 0ths of millimetres 9 00 

T07 .—Centre Gauge for lathee, also for screw tools 40 
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GRADUATED STEEL SQUARE FOR MACHINISTS. 

KOTBABDENED. 




liip'm i mimimimimHipm t 



No. Price. 

710.— Sinch Blade. .....$3 00 

711.— 4 i>o 360 

712.— 6 Do, 850 

713.— 9 Do 600 

714.-12 Do 7 00 



PATENT HARDENED CAST STEEL TRY SQUARES. 

rOB aCACHIHISTS. 



No. 

716.— 1^ inch $8 00 



716.— 8 
71T.— 4^ 
718.— 6 
719.-9 
729l>— 12 



«« 



<« 



n 



«< 



800 
400 
600 
800 
13 00 



Price. 

721.— 15 inch $16 00 

722.— 18 " 18 00 

723.-^24 ** 8000 

724.— 80 " 40 00 

726.-86 " .....60 00 



THIN STEEL SQUARES. 



VOR 1CACHDII8XS AKD DBAUOHXflMXir. 

729.-6 in. bUde, 1-14 in. thick,. ... $8 85 
730.— 8 *' 1-12 «* .... 4 00 

731.-10 " 1-10 " .... 6 00 



726.-2 in. blade, 1-20 in. thick,. ... $1 36 
727.-8 " 1-16 " .... 175 

728.-4 " 1-14 " .... 3 35 

The 2 and 8-inoh are divided to 16th8 and 64th8 on one aide, and 82d8 
and 64tliJB on the other. 

The 4, 6, 8 and 10-inch Squares are divided on both aidea to 16ths and 
82da oi Inches. 




782. 

BEVEL PROTRACTORS. 

With sliding arm, and half circle divided to degrees. 

itA 61a. sliding arm $6 00 

T83.— lOin. Dd 706 
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^^ STEEL CALIPERS. 

•teel pocket TBrnlsr Caliper, Temler to 1001 

do. iQUorooooCHH 

do. with Adjiutlng BcTBW 



78*.— Improred 1 



la-lnoh, 

CALIPER SQUARES. 



T41.— Z Id. without »A]iiitln;Kin«, t> 10 

Ui—tiit. •• ■• •• tn 

149.— 3 in. with kdJUBtiog lernr lilu cut, 1 31 

TU.-4in. "- " •' ■' BBO 

DNIVERSAL, OR CENTRE SQUARES. 
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No. Prio«. 

745.— 4 in., $2 50 

746.-6" 8 00 

747.-8" 4 00 

748.— 10" 6 50 

749.— 12" 7 00 



OPEN STEEL TRIANGLES. 

760.— Angles, 45,45 and 90 degrees. Large size, sides 8, 8 and 11 1-4 in.,8-41n. wide $4 00 

761,— Small size, Bides.S, 5 and 7 1-16 in., 5-8 in. wide, 8 00 

762.— Angles, 30, 60 and 90 degrees. Lai^e size, sides 6, 10 8-8 and 12 in., 8-4 

in. wide 4 00 

753.— Small size, sides 8 1-2, 6 1-16 and 7 in., 5-8 in wide, Thickness 1-16 inoh. . 8 00 



GERMAN SILVER TRIANGLES AND SQUARES. 

754.— German Silver Triangle— SO, 60 and 90 deg. perpendicular, 6 to 7 inch. $2 50 

do 30, CO and 90 deg. do 

do 45, 46 and 90 deg. do 

do 45, 45 and 90 deg. do 

Squares, perpendicular, 6 to 7 inches. 
Other sizes of Steel and 6terman Silver Triangles made to order. 



STRAIGHT EDGES, TRIANGLES, T SQUARES, &o. 

(For steel straight edges, see numbers^ 680 to 697.) 

Straight Edges, 

BUBBKB AKD WOOD. 

760.— Hard Bnbber Sfandght Edges, 42 inches long, $3 50 

761.— Do. do. 36 do 2 00 

762.— Do. do. 80 do 150 

763.— Do. do. 24 do 100 

764.— Do. do. 18 do .".. 70 

765.— White wood Straight Edges, 20 inches long, with cue edge bevelled 25 

766.— Do. do. 30 do. do. do 35 

767.— Do. do. 40 do. do. do 65 

768.— Do. do. 60 do. * do. do 70 

769.— Do. do. 60 do. do. do 100 

770 — ^PoUfhed Rosewood or Satinwood Straight Edges, 20 inches long 60 

771 — Do. do. do. 80 do 76 

772.— Do. do. do. 40 do 1 00 

778.— Do. do. do. 60 do 150 

774 — Do. do. do. 60 do 2 50 

776.— Do. do. do. 72 do. 4 00 



756.— 


do 


do 


756.— 


do 


do 


767.— 


do 


do 


768.— 


do 


do 



9 to 10 inch. 


4 00 


4 to 6 inch. 


2 25 


6 to 7 inch. 


8 60 




75 



W. & L. E. GURLET, TROT, 

TRIANGLES. 

Bmaai, Bobiwood. Satinwood < 



Bard Stihher Trimgki, 30 X 60°. 



IBS. 

PMm. 

I8T.— 10 iDsb I «s 

7SS.-U •' 78 



mtrd Bobber Triaagks iS". 

t 30 t 



Groat Section Triangles. 



Single TriuglH of set Ho. £08, each... . 



SlUBle lonug oIutHo. eos, containing ur two alopu.auli... 
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Hosewoad, SoUinwood, and Wkitewood Triangles, 




820. 



No. 
810. 
811. 
812. 
818. 
8U. 
816. 
816. 
817. 
820. 
821. 
822. 
823. 
824. 
625. 



810 and 826. 813 and 828. 

Price. 
.Bosewood»or Satinwood, open centre,Fraxned, 30X60'' pl^in Finish^e to 10 in. $ 50 

" «* " 124ol6" 1 00 



«< 
it 
t< 

« 



ti 



u 



tt 



u 



tt 



tt 



tt 



tt 
It 
tt 
<( 
tt 
f( 



46*» 

tt 

80X60<» 
tt 

45« 



tt 



tt 



PoUsbed 



tt 



6tolO«« 
12 to 16" 

6tol0" 
12 to 15 " 

6tol0«« 
12 to 15" 



60 
1 00 

60 
1 26 

60 
1 26 



Whitewood Triangles, 30 X 60*», 6 and 6J indiea long, each, 10 

— Whitewood Triangles, 30 X 60*. 8 and 9J inches long, each 16 

•Whitewood Triangles, 30 X 66*», 11 and 12 inches long, each, 20 

,— Whitewood Triangles, 46**, 3 and 6 inches long, each 16 

Wliitewood Triangles, 46", 7 and 8 inches long, each, 20 

—Whitewood Triangles, framed with open centre, 30 X 60**, 6 and 8 inches 

long a04» 

886.~-Whltewood Triangles, Aramed with open centre, 30 x 60°, 11 and 18 inches 

long 80&40 

837.— Whitewood Triangles, framed with open centre, 3D x 60°, 15 and 20 inches 

long 75 &1 00 

838.— Whitewood Triangles, framed with open centre, 45°, 5 and 6^ inches 

long ao&ss 

839.— Whitewood Triangles, framed with open centre, 45°, 8 and 10 inches 

long 80&40 

880— Whitewood Triangles, framed with open centre, 45°, 13 and 14 inches 

long 60&76 



OVALS, HYPERBOLAS, AND PARABOLAS. 

836.— Pearwood Ovals, 2 to 6 inches long, 10 in a set, per set, $2 00 

886.— Do. l^to4i do. 6 do. do 160 

887.— Do. ^to7 . do. 43. do. do. ...'. 5 00 

838.— Pearwood Hyperbolas, 2 to 5 inches long, 8 in a set, 1 40 

839.— Do. Parabolas, 12 do 3 00 

840.— Do. do. 1^ to 6 inches long, 8 do 140 
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T SQUARES. 






] 



867. 



u 



850. 



No. 

860. 
861. 
852. 
853. 
854. 
855. 
856.- 
867. 
858. 
859. 
860. 
861. 
862. 
865. 
866. 
868. 
869. 



Price. 
— Peurwood T Square, fixed head, blade 16 inehea long, each, $ Sk 



Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



do. 


do. 


20 


.do. 


do. 


do. 


do. 


26 


do. 


do. 


do. 


do. 


30 


do. 


do. 


do. 


do. 


36 


do. 


do. 


do. 


do. 


40 


do. 


do. 


do. 


do. 


60 


do. 


do. 


doable 


do. 


20 


do. 


do. 


do. 


do. 


26 


do. 


do. 


do. 


do. 


30 


do. 


do. 


do. 


do. 


36 


do. 


do. 


do. 


do. 


40 


do. 


do. 


do. 


do. 


60 


do. 


do. 



45 

eso 
eo 

75 
86 
1S6 
1 00 
1 10 
ISO 
186 
160 
176 



-Bosewood or Satinwood T Square, Fig. 860, polished^ 30-inch, 1 76 

Do. do. do. do. 40 do 2 60 

-Bosewood or Satinwood T Square, polished Fig. 867, dO-inch, 2 75 

Do. do. do. do. 40 do 360 



NICKEL PLATED LIMB PROTRACTORS. 

(Superior,) 

870.— 20 to 24 inches $18 00 

871.— 30 inches 20 00 

872.— 30 " 22 00 

878.-48 " 25 00 

Divided to half degrees with a vernier reading to five Minutes. 
1^06. 866 to 873 inclusive are our own Manufacture. 



W. A, L. E. GUELEY, TEOT, N. T. 181 



IRREGULAR CURVES. 



— Whltewood Imgalai CnrreB, S lo IS iDChw long, vtrloni pUtenu, cacti, t : 



il\ 



ni. — Wbitawood Imgolif Corns, of Buptiior qtuUlif *} to 10 Ischei Ions. 



— WhllBwood Irregutar CiirT»i, of mperloc qoiJitj', 8 to II (noliM long, 
vmrloui piUeRU. Mob 
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MS.— WUtawDOd IiTfttnln CnrVM, ot mparloT qiuU^, 18 to IT InohM long, 



RAILROAD REGULAR CURVES. 



C^^^ 






WK.—tua-tota Cnrrei, of cud board. 8st ot H cotth. from IJ tn at inches 

l»dii, In woodbai, pecsat t* SO 

Bae.^ItallnHdCiirT». arciTdboiM. A set otWcnrvei. froml} to llOiiicbei 

ndll. Id wood box, pec set, » 00 

BOT ItaUrotid Corveii, of citdboud, A sM of 100 corvei fromlj toUOlnchHa 

radii, In wood boi, per set 18 110 

MS.— Bailcoid Carres, of ord boird. A »t of IE curvn. from 30 mlnaUs to 
T degTOM by OTerjr IG mlnutei, cat to m icalB of UO taet to ttas Inch, Id 
wood box, per sfit,.. --...... 6 00 

MV,— B^lcOBd Cnrrei of cud boud. A set of lOcnrves, ftom 15 miiiDteB to 4 
degrees by eiery tmlDate*. mnd ftom 1 degrees to 10 degrees by eveiy 
K TDlDKlaB, in wood box, per set IS 00 

>10.—B^IkwI Carves, of irood. Set ot 13 CDrres, ot ndll tl»m SJ to SOO in- 

obea, pet set. ■ W 

>ll.—Itolln»dCurvea. of hud rubber. Set of lOodrres, 13 to laolachundlL, 

Ml.— Ho. do. 17cBrTeii,11to«01ncheiir»dil,petiet 18 3t 

ns.—BUlnMd Carre Frotrtctor, of horn, 8 Inches diuneter, hsvliig Isldoffon 
It 38 corres, from ) degree to B degrees, vithiiadll of 400 feet to the 
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HARD RUBBER CURVES. 



91S.— Hard Bobber Cnrree 



N 


o. 10. 8 inobea long 

20. 101 

21. 71 

M. E " 

21. 

56. 61 '■■■ 
27. 12 


....cac 
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PARALLEL RULES, &o. 



^^^^^^^ 




Uo. ®50. 957, UOO, y65 auu U08. Price 

950.— Parallel Balers, ebony, brass mounted, 6 inches loug, each $0 25 



951.— 


Do. 


do. 




do. 




9 


do. 


952.— 


Do. 


do. 




do. 




12 


do. 


953.— 


Do. 


do. 




do. 




15 


do. 


954.— 


Do. 


do. 




do. 




18 


do. 


955.— 


Do. 


do. 




do. 




24 


do. 


956.— 


Do. 


German Silver mounted. 


12 


do. 


957.— Parallel Bnlers, all German Silver, on 


Boilers 


,12i 


958.— 


Do. 




do. 






do. 


15 


959 


Do. 




do. 






do. 


18 


960 


Do. 


all Brass 






do. 


9 


961.- 


Do. 




do. 






do. 


12 


962.— 


Do. 




do. 






do. 


15 


963.— 


Do, 




do. 






do. 


18 


964.— 


Do. 




do. Nickel Plated do. 


9 


966.— 


Do. 




do. 


do. 


do. 


do. 


12 


966.— 


Do. 




do. 


do. 


do. 


do. 


15 


967.— 


Do. 




do. 


do. 


do. 


do. 


18 


968.— 


Do. 


Ebony, 


on 


Boilers 


9 


969— 


Do. 




do. 




do. 




12 


970.— 


Do. 




do. 




do. 




16 


971— 


Do. 




do. 




do. 




18 


972.— 


Do. 




do. 


* 


do. 


Gradua 


ted I 


973.— 


Do, 




do. 




do. 




do. 


974.— 


Do. 




do. 




do. 




do. 



do. 
do. 
do. 
do. 
do. 
do. 



60 

75 
00 
25 
00 
25 



do 18 00 

do .•. 15 00 

do 6 50 

do 8 00 

do 1000 

do 1800 

do. 7 50 

do 9 00 

do : 11 00 

do 13 00 

do 2 75 

do. 3 25 

do 4 00 

do 5 00 

Idges 12 inches 5 00 

15 do 6 60 

18 do 7 50 

Bules-957 to 971 inclusive are our own Manufiicture, and are of superior quality. 

SECTION LINERS. 

975.— Bergner'g Patent Section Liner, in Morocco Case 12 00 

976.—. 

977.— Marion's Section Liner, In Paper Box, German Silver Slide and Screws.. 

- with polished Batinwood Triangle, and Buler 150 




977. 
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CEHTROLIHEAD. 

9iS. — CAQtndlnaadf of wood, for parapeative drawing, arms 21 Inctaea, per paLff $6 DO 
ITS.— Im. do. do. 40. M do. .. S tlO 

PANTOGRAPHS. 



FASTERING TACKS AND HORN CENTRES. 



^ 



lODl.— Faatenlng T»ka, o( Biua, heads ronsd. )^ Inoh diameter, per d< 

Do. do. do. ]', do do. 

T>o. of Oflrmau Biiver, hoada rouaded. j^ lu. diua., do. 

Do. do. flat buds. ^ in. diam. TeT7 anpcilor, do. 

Do. do, do. 1^ do. do do. 

Do. do. do. J do. do.- do. 

Do. do. do. j; do. do do. 
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Nc. Prioa 

1020. — Oombination Bale, One Foot, Two Fold, boxwood. This is the most con- 
venient and useful pocket^rule ever made ; it combines in itself a car- 
penter's Bole, Spirit Level, Square Plumb, Bevel, Indicator Brace, 
Scale, Draughting Scale of equal parts, T Square, Protractor, Bight 
angle Triangle, and with a straight edge can be used as a Parallel 
Buler, all the parts of which, in their separate application, are perfectly 
reliable, $2 50 



POCKET RULES. 



BocBWood, One Foot, Pocket, 

1021.— Bound Joint, ^ in. wide $ 26 

1022.-'Arch joints. Edge plates, K ^^ ^Ide 60 

1023.— Square <' Bound, 8th, 10th, 12th and 16th 100 

Boxwood, Two Foot, Six Fold. 

1026. — ^Boxwood, 2 foot, 6 fold, graduated 8th, 10th,l 00th and 16th inches, for 

engineers 1 25 

Boxwood, Two Footf Narrow, Four Fold, 

1026. — ^Bound joints, lin. wide 30 

1027.— Arch " " 60 

1028.— Square « Bound, 1 inch wide, with drafting scales 1 25 

Boxwood, Two Footy Broad, Four Fold, 

1029.— Square joints, Edge plates 75 

1030— Arch '* «< 8th, 10th, 12th and 16th 90 

1031.— Double Arch joints, 8th, 10th, 12th and 16th 1 00 

1032. — Square joints. Bound, 8th, 10th and 16th, and Drafting Scales 1 60 

Boxwood, Two Foot, Two Fold, 

1033.— Arch joint, Gunters slide. Engineers, 8th, 10th, 16th and 100th, Drafting 

and Octagonal Scales 1 60 

1034. - Square joint. Plain Slide, 8th, 10th and 16th, Octagonal Scales 76 

Boxwood Caliper Rules, 

1035.— Q fold, 6 in., plain, J^ in. wide, 8th, 10th and 16th 60 

1036.— 4 " 12 "Bound,! " «« «* 167 

IVORY, ONE FOOT, POCKET. 

1040. — Bound joint. Brass, >i in. wide 75 

1041.— ** German Silver, K in. wide 100 

1042. — ^Arch joints, Edge plates, German Silver, % in. wide, graduations in 8th,' 

10th, 12th, 16th, and 100th, for Engineers j 1 75 

1043.— Square joint. Bound, German Silver, % in. wide, graduation in 8th, 10th,' 

12th, 16th, and 100th, for Engineers..... .............;... S 85 

1044.— Arch joint. Bound, German Silver, 8th, 10th, 12th, 16th, and 100th on 

ed;ie, 'a in. wide 2 CO 
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IVORY, TWO FOOT, FOUR FOLD. 

No. ' ' Price. 

1045.— Arch Join^ Edge plates, 1 inch wide, German Silver, graduated to Sth, 

lOth, 16th and 100th, and Drafting Scales $6 60 

1046. — Square Joint, Edge plates, X in. wide German Silver, graduated to 8th, 

IQth, 18th and 100th, and I>r8fting Scale 4 60 

IVORY CALIPER RULES. 

1047.— a Md, 6 in., German SUver $1 60 

1048.— 2 •* ** Bound " 2 60 

1049.— 4 ** 12 in., Plain " K in. wide, 8th, 10th, 12th and 16th 8 18 

1060.— 4 " ** Bound •* " •* " 4 00 

BENCH RULES, PATTERN MAKERS' SHRINK RULES, YARD^ 

STICKS, GAUGING AND WANTAGE RODS. MEASURING 

RODS, BOARD MEASURES, &c 

1051.— Bench Bnle Boxwood, Bound, 8th and 16th, 24 in. long $1 50 

1062.— Pattern Makers Shrinkage Bule, Boxwood, 8th and 16th in., 24>^ in. long 1 26 
1063. — *' *' two fold. Boxwood, Triple plated. Edge 

plates, 8th and 16th. 24 >^ in. long 160 

ICVKr.— Yard Stick, Gapped Ends 80 

10bi5.— Gauge Bods, 3 feet, 120 gals., each 70 

1066.- " 4 " 300 " " 75 

1067.^Wantage Bods, Boxwood, gscales 75 

1068.— " •• 12 « 100 

Measuring Bods of SprtusetooocL 

1060.— 6 feet long, ^ in. square, ends tipped, Divided to feet, inches and K in. 1 00 

" " " 10th and 100th. . . 1 10 

" " " inches and >^ in.. 1 10 

" " 10th and 100th... 125 

•* " " inches and K in- 1 25. 

1^ by K in., feet, 10th and aoth, painted 5 00 

Board Measures, 

1066.— Board Stick. Octagon (8 to 28 feet). Brass Gap, 8 fiset long 1 00 

1067.— Walking Gnie Bbard Measure, Octagon, Hickory, Oast Brass Head and 

Tip, 8 lines (9 to 16 feet), 8 feet long 1 oo 

SPIRIT LEVELS, POCKET COMPASSES, PLUMBOBS AND 

MAGNETS. 



1061.— 8 


«f 


K 


1062.— 8 


u 


K 


1063.-10 


f. 


% 


1064.-10 


« 


H 


1065.— 18 


(« 


iH 




1075 and 1076, same as 86 and 86. 
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Ho. Price. 

107S.— Looln's Hand Lerel, nickel plated {See Gut, p. 187.) $ L3 00 

1078«— •« " Brass or Bronze ( " ) lo oo 

1079. 

1079.— Pocket Levels, monnted In Brass, 8 inches long « $ 75 

1080.— " " •« 6 •* 160 

1081.— •* «* «« 9 ** , 2 AS 

ip82.— •• " ** 12 «• 3 00 

1086.— Spirit Leyel, Arch Top plate, two side views, poUshed 1 00 

1066.— Spirit Level, Plnmb and Level, Arch top plate, two side veiws, poUshed, 

24 to ao inches 1 so 




1067. 

1087.— Spirit Level, Patent adjustable Plumb and Level, Oround Vials, Arch 

top plate, two side views, polished and tipped, 26 to 30 |nch 9 60 




1088. 

1088.— Spirit Level, Patent A^ustable Plumb and Level, Qronnd Yiais, Ar^ 
top plate, two ornamental brass tipped side views, poUshed and tipped' 
26 to 80 inch * 00 




1090. 

1090.— Mason's Plumb and Level, Patent Ao^ustable (Ground Vial), 3X iu. wide- 
^2 in. long 



00 




Section, of Patent Adjttttahle Plumbs and Levels, 

AcQustment of the Patent Improved Adjustable Plumbs and levels. The 
bubble tube in the Level, or Plumb, is attached to the brass top-plate 
above it, at one end by hinge, and at the opposite end by an a^usting 
screw, which passes down through a flange on the metallic case. Be- 
tween this flange and the top-plate, is inserted a stiff spiral spring, and 
by driving or slacking the a^usting screw, should occasion require it, 
the bubble tube can be adjusted to a position parallel with the base of 
the Level. 

^e simplicity of this method of adjustment, will commend itself to every 
mechanic, and is reliable under all circumstances. 
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» — LeTGt Bulbil, tminonnted, lto4lncbeg 



groiuid Tlilft, 3 to InebaA, flOo. lo 



IMPROVED TRAMMEL POINTS. 



1111, 

Tlww tadi tzo nud b; all nbo bsTi occxalga la Btrika kro, or olrclsi, 
Iicger thin can b« done b; CDmpia; DMderB. TboJ ina,f bo saed oa ■ 
stnlght woodBn b»r of in j lenBth, and »Len aBcurcd In podtlon bj tbo 

of brouKe, indbiTfl Bt^alpoLuU, «iQier of vhlch can ba i^nQiTed^ ud re- 

plUBd by penflil locket, whlcb icoomputiea «ch pt^r. 

1110.— enaU (No. 1) PM piir | 

1111.— MBfllum (So. 2) 

1112.- Iarge(No31. 
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HEW ADJUSTABLE PLUMB BOBS. 

Thli plummet hu > conceslcd net, mnmnd which the 
Mrlng Ib wonod bj tnmlng tha milled had on top. The 
Brtctlon upon the [b«I Tithln wlU bold the bob >t Mir d«- 
■Ind point otthe line. 



BRASS PLUMB BOBS. 

II30.—£teeI Point, Borevt 



POCKET COMPASSES. 




—IbhoiuiT Qua, atop to needle, t)j UeLai 8qa«ra 

- ■' '■ 3>4 " '.'.. 

^-Bnu, Foondf wltheoTerl^lDcb«Hdlunet«r, itoptonwdlt 

centre to OMdle 

— BniB. rooDd, tntch pattern, atop, igite sentie, IJlDoh..., 
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Ho. Pnc*. 

1U8.— Bnu, roQUd, ivatch i«U«ni, stop, sgite centre, H Inch, with bloged 

tover (1 JB 

liae.— " GlltOlKnaaompueea toimugto wktcbgusid at 

UW.— Eockst Compui, gilt Titob peters, with stop, eaunBled dial, monxxo 

c*BCi. London, Bapeiior, la IdcIih t CO 



iwa. 



lira.— Pookst Beituiti, with TeleHops, yerj acennte . . B 

11G3, — Bomroi'B Cn»— foriight uglH 

IIH. — Odomeler, for mMgailnK dliluic«a br nemiins molutlons ot eurliea 

wheel Sea No. M 1 

lies. — Fedometeri for meaaurlag dlitanceB wmlked, mtch fbrm mnd lixa, Qttr- 

BmaBOwaate ] 



MICROSCOPES, &c. 
SIMPLE MICROSCOPES, TO FOLD IH CASES. 

1«ato IIM. not. IHA USB. ^^^ 
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No. Prioft* 
1200— Hard Babber case k frame, ronnded Bim, 1 double convex lens )i in.diam.$ 60 

1201.— I>o do do 1 do 75 

1202.— Do do do IX do 1 00 

1203.— Do do do IK do 1 26 

1204.— Do do do 1^ do 1 60 

1206.— Do do do 2 do 2 00 

1206.— Do FUtrim do ^ do 40 

1207.— Do do do 1 do 60 

1208.— Do do do IX do 76 

1209.— Do do do IK do 1 00 

1210.— Do do do IK do 1 25 

1211.- Do do do 2 do 1 60 

1212. — Do Bounded rim, 2 double convex lenses X do 76 

1213.— Do do do 1 do 1 25 

12X4.— Do do do IK do 1 76 

1216.— Do do do IK do 2 00 

1216.— Do , . do do IK do 2 60 

1217 Do do do 2 do 3 00 

1218.— Do Flat rim do K do 66 

1219.— Do do do 1 do 1 00 

1220.— Do do do IK do 1 26 

1221.— Do do do IK do 1 60 

1222.— Do do do IK do 2 00 

1223.— Do do do 2 do 2 60 

1224.— Do Bellows form, 1 double convex lens K do 76 

1226.— Do do do 1 do 1 00 

1226. — Do do 2 Double convex lenses K do 1 00 

1227— Do do do 1 do 1 26 

1228.— Do do do IK do 1 60 

1229.— Do do 3 Double convex lenses K do 1 60 

1280.— Do do do 1 do 1 76 

1231.— Do do do IK do 2 26 

1232.— Microscope on three legs with screw adjustment for focus 1 00 

1238.— Linen provers or microscope for counting threads in linen or wool 

flEtbrics. Hard rubber 1 inch open space 2 00 

1234.^ Do do i\j^ in. open circle », 60 

1235. — Do do Brass, K and K in> opeo space 50 

1236. — Do do do ^q in. square can be changed tu ^ in. Diameter 

for wool or linen £etbric8 60 

1237.— Reading glass, hard rubber frame, 1 double convex lens IK inch dlam. 73 

1238 — Do do do IK do 1 00 

1239.— Do do do IK do 1 25 

1240 — Do do do 2 do 1 60 

1241.— Coddington lens, Brass frame ^q in. diameter 1 60 

1242.— Do ao 3/ do 2 00 

1243— Do do lij' do 2 60 

1244.— Do Silrerframe 2 60 

1245.— Do do with cover 8 50 

1246.— Do do Large size with cover 6 60 
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READIHG AND PICTURE LEHSES. 



— B«4dliig GlUKi, Hvd BnbberPi 



Da 



do 



vBCOp«g. Mid MC«>sa[[es Huia- 



We m prepwed to fnmiBh Achnnutlc Ulcn 
bctnred by " B»ck " Lonaon, the prisa of wUeb ite the lune as tbose 
In LondOD, D. S. dntlm ud Frslght chkrgeB ooly balng lidded. Have 
*1«> tor ale, Queens Sohool, College, Homehold, PopuUr, 81ndonl«, 
iSdnaitJODil and Funily mlctoscopea, at piicea Turing from A to 100 dol- 
Un eacb. IfBterlali, objecti, Cabinet, and all Implements connected 
witb mlcTOBOopes tiunlahed at ahoit notice. 

ACHROMATIC MARINE, FIELD AND OPERA GLASSEa 

nieae aiasHa are designated and priced according to the diameter of ths 
Bct gluses In Fianob lines, as foUows : 
[1 Lines, which Is equal to 1 incb. 

do ](\ IncUea. 
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MARINE AND FIELD GLASSES, 

iDd nliariinnBS of ilefln Itlon o( ui Ope™ or Field alam depBBita 
)iiuiieteTorU>ec^ject«l*ui the greater Uiedimmeterlhshlglur 
. and more olntly disUot objecta are Ken. 



I. — U. B. Army Blgnil Serrloe Six Leni Aflbronutie Marins ot Held Slua, 
metal bodj^, covered with Turke; murocoo, eon shade to evUtid over 
the obJect-gLafAea, and hekv; leaUter ease, with atr^. 

BoijSH IncbealoDg i objecl-glauea ai llnu In diameter. flB Oa 

Do S^ do do M da 1700 

Do eij do do X do iB 00 



Bodyt^ Inches long, Object.elUHea 11 llueHlu diameter ID 00 

Do G^ do do 11 do 1100 

Do ea do do 26 do 1)0* 

1301.— Bardon's Bil Lens AcbTOaiatl« Marina or Field OIbbs, body coiered 
with Tnrfeey morocco, nun sbadee to eitend oter ttae object-gtameii, 
In floe Leather caw, with strap ; tile beil article mude. 

Bod; GJiucbea long, Object-gluiea IS lln» in diameter Ml 00 

Do do da do do with taiuge 

adtnatment for dilTeient nidtbe of ejaa tl DO 

1M».— Sli I-euB AcbromaUc OIub, with thrsc a^lnslsble eTe-iile;rei or di(I«r«ll 
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Tarkey monxsRo, ms tiudea to extend Atw lbs objHt-gluMi, utl 
flue latbgr cmee, witb Btnp. 

BodySSiinchfBlong, obJect-gUMeBlTUnwlncUMnelOT |18 (» 

■' *« " ■' 18 ■' MOT 



190L— BLi Lena Aobrotnitlo Field GiMfc Book Ctyalil Lenua, don 
loeiit n( (ocus, ID Out, when cloned, the iuatnwoeDtCMibeco 
etiTi*dliilbepoctet,luinoroM!O0M«,«tthontBt«p; wry 
Bodya iDcbea Igug, oblect-gl«e«e«Mline«in dlMB«8r.,., 



. aiM 



OPERA GLASSES. 



1808 to ISIS. 

IMS.—Open OUuee, ■(! len* (ohnmutlc, >1iiiniiilnm bodiei, corend with 
5se blick Tarkey morocco; tabee sad ttott plecei JqxiDned bbuk; 
tbeie en tlie llgbtast vtlcleg e>er nutda. 
Bodl«3>ili><iheilODg, Dt4eat«luaeHltnDeBindlunetar, Hoh. (19 DO 

'■ s '■ ■■ IT " ■' aroo 

" 3K ■' ■' 19 " ■' 31 00 

ISM — Open Oleaaai. eli letu achninuile; bodies, tubes ud cmes ple«M alt 
bjeck, bodies of m neir end elegant ahape, coTered wltli flueat Turkey 
moroooo. 
Bodr 2ii inoheiloug, object-glasses llllDeilD diameter, each tO M 

" a« ■' ■■ 13 ■- " 11 00 

■' ast ■■ " 111 •■ ■' woo 

llOT,— open GIiubbb, the same aa 1308, bnt with gilt tnbes, and bodlea corered 
with fancy roloced leather, lud oiidizad omameats at lop sod base. 
Body 9;i Inehaa li 



. 13 01 
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BARDOU'S OPERA GLASSES. 

No, Prloei 

1308.->Bardou'fl Opera OlBsaes, six lens achromatic; bodies, tubes and cross 
pieces all black; bodies covered yvitlx best Turkey morocco; cross 
pieces curved. 

Body 2}i inches long, obJect-glasBes 13 lines in diameter, each $8 60 

'* 2^ «* " 15 *' " 9 00 

•• 3 " " 17 " ** 11 60 

" 3>i " *' 19 " " 13 LQ 

13(>9.-i^Bardoa's Opera Glasses, the same as 1308. but with eight lenses. 

Body 2}^ inches long, object-glasses 13 lines in diameter, each 10 60 

. '* 2>i " " 15 " ** 11 60 

«• 3 ** " 17 '* " 13 50 

" 8>^ •« ** 19 " " 16 00 

1310.— Bardon's Opera Glasses, the same as 1309, but with twelve lenses. 

Body 2X inches long, object-glasses 13 lines in diameter, each 16 00 

" 2>i •« " 15 *♦ •* 16 00 

<« 8 " '« 17 '* " 18 00 

«« Z}^ «* •• 19 «• ** 20 00 

1311. — ^Bardou's Opera Glasses, six lens, rock crystal, achromatic; bodies, tubes, 
and cross pieces all black; bodies covered wit& best Turkey morocco; 
cross pieces curved. 

Body 2}i inches long, object-glasses 13 lines in diameter, each 10 60 

•* 2yi *' " 15 « •• 11 00 

<« 3 ♦* ** 17 ** '* 13 00 

•* 3)^ " " 19 " '* 16 CO 

1312. — Bardou's Opera Glasses, the same as 1311, but with eight lenses, rock 
crystal. 

Body 2jl^ inches long, object-glasses 13 lines in diameter, each 13 00 

•♦ 3 •* *• 15 " " 13 75 

" 3>i ** " 17 " *• 16 00 

"4 ** *• 10 *' " 18 00 

1313 — Bardou's Opera Glasses, the same as 1311, but with twelve lenses, lock 
crystal. 

B xly 2^4 inches long, object-glasses 13 lines in diameter, each 18 00 

** 2,'i *' •« 15 ** . *« 19 00 

3 •« •* 17 «< «* 20 00 

3;^' " "• 19 . •♦ -• 22 00 



' 4< 



PEARL GLASSES. 

13U.— Opera Glasses, six lens achromatic; white pearl bodies, gilt tubes and 
cross pieces, raised eye-pieces. 

Body 2H inches long, object-glasses 18 lines in diameter, each $16 00 

"8 « •* 15 " «« 17 00 

♦« Z^ " " 17 " " .19 00 

■ In addition to the foregoing list of opera glasses, we are constantty receiving 
new and handsome designs, mounted in pearl, enamel, and oxidised 
metal. 
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ACHROMATIC TELESCOPES. 




1325. 

Ko. Price. 

1325.— Telescope, wood body, 3 draws, 15 inches drawn out, C inches shut, 

object-glass 1 inch iu diameter, power 15 times |3 60 

1326,— Telescq;>e, wood body, 8 draws, 16 inches drawn out, 6 inches shut, ob- 
ject-glass 1^ inches in diameter, power 20 times 8 60 

1327.— Telescope, wood body, 3 ditiwe, 23 inches drawn out, 8 inches shut, 

object-glass l»i inches in diameter, power 25 times 4 75 

1328. — ^Telescope, wood body, 3 draws, 30 inches drawn out, 10 inches shut, 

object- glass 1 j?^ inches in diameter, power 30 times 7 00 

1329. — ^Telescope, wood body, 4 draws, 87 inches drawn out, 11 inches shut, 

obect-glass IJi inches in diameter ; superior glass ; power 35 times ... 13 00 

1330.— Telescope, wood body, 4 draws, 42 inches drawn out, 11 >j^ inches shut, 

object-glass 2>^ inches in diameter, power 40 times SO 00 

1331. — ^Telescope, wood body, 4 draws, 48 inches drawn out, IZ)^ inches shut, 

object-glass 2% inches in diameter, power 60 times 80 00 

1332.— Telescope, wood body, 6 draws, 28 inches drawn out, 1% inches shut, 
object-glass 1 ^ inches in diameter ; about the same power as Ko. 1329, 
but more portable ; power 35 times 12 00 

1338. — ^Telescope, wood body, 6 draws, 17 inches drawn out, 4^ inches shut, 

object-glass 1>^ inches in diameter, power 20 times 6 50 

1334. — ^Telescope, wood body, 6 draws, 16 inches drawn out, 4'.^ inches shut, 

object-glass Jg inch in diameter ; very portable : power 15 times 6 00 

1335. — ^Telescope, brass body, covered with cord or leather ; shade to keep olT 
the sun and rain ; 1 draw, 36 iuches drawn out, 20 inches shut, power 
25 times ; object-glass If Inches .' 13 00 

1336.— Same as above, but with 2 or 3 draws, 15 inches shut 13 00 

1840. — ^Naval Achromatio Spy-glass, tapering wood body and one draw, 65 inches 
long when drawn out, 46 inches long when shut up ; rack and pinion 
for adjusting the focus. Power 50 times 48 01 
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TOURISTS' GLASSES. 




1341. 



Ko. Pnoe. 

1341.— Tourist's Achromatio Spy-glass, with brass body, oovered with black 
Turkey morocco ; three draws, 17 inches long when drawn out, 6 in- 
ches long when shut up ; object-glass IX inches diameter ; sun shade 
to slip beyond the object-glass ; heavy leather caps to cover both the 
eye-glass *and object-glass ; strong leather strap to sling over the 

shoulder. Power 20 times $13 00 

« 

1342. — Same as No. 1341, but is 21 inches long when drawn out, 7 inches long 

when shut up ; object-glass 1% inches diameter. Power 25 times .... 16 60 

1843.-— Same as No. 1841, but is 24 inches long when drawn out, 9 inches long 

when shut up ; object-glass 1^ ^nches diameter. Power 30 times .... 21 00 

1844. -Same as No. 1341, but has four draws, and is 36 inches long when drawn 
out, 10 inches long when shut up ; object-glass 1% inches diameter. 
Power 36 times 80 00 

1846.— Wooden Tripod Stand, with vertical and horizontal motion, upon which 
to place a spy-glass ; an exceedingly useful article, as a glass of much 
power cannot be held in the hand with sufficient steadiness to pro- 
duce the best effect 6 00 

1846. — ^Brass Clamp with Gimlet Screw, to fasten a spy-glass to a post or tree, 

three sizes to fit any of the foregoing spy-glasses 1 75 to 4 00 
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DRAWING PAPER, COLORS, &c. 

In filling orders for Instruments from different parts of the country, we 
have frequently been called upon to furnish, in addition, the various ma- 
terials, for the office work of the Surveyor and Engineer, such as Draw- 
ing Paper, Ctolors, Text-Books, Ac. We have therefore supplied ourselves 
with an assortment of these goods, and shall hereafter be able U> famish 
them on as &vorable terms as any other dealer in the Union. 



DRAWING STATIONERY. 

WHATMAN'S HOT AND COLD PRESSED DBAWING PAPERS, SELECTED, 

BEST QUAUTT. 

^^- Price. 

1400.— Demy, 15 X 20, per qnire $1 00 

1401.— Medium* 17X32, " 185 

1402.~Royal, 19X24, " 180 

1403.— Super Royal, 19X27, •» S 80 

1404— Elephant, 23X28, « 8 60 

1405.— Impeiial, 22X30, " 3 00 

1406.— Columbier, ' 23X84, " ,,: 6 S6 

1407.— Atlas, 26X84, " 6 S6 

1408.— Double Elephant, 27X40, «* 6 S5 

1409 — Antiquarian, 31X63, " 80 00 

We only keep the best Whatman's Paper in stock, but to parties desiring it, 
can furnish the second quality at about 15 per cent, below the above 
prices. 



DRAWING PAPER. 

CONTXKtJOUS IN BOLLS. 

Bleached ManiUa, Buff Tint, for working Dratoings, hat American make, m 

RolU of 50 to 100 lbs. 

1415 — 36 inches wide, thick, per pound, 15 cts per yard $ 10 

1416.— 40 " " '* " 15 ... " 12 

1417.— 44 " « ** " 16 " 14 

1418.— 48 •• «* " «< » 15 " 16 

1419.-64 *' •• " *« 15 " 18 
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WHITE ROLL AMERICAN DRAWING PAPER. 

A new arHdSt vtry strong^ <tnd <if excellent qwUUy, 
No. Price* 

1488.— 86 inches wide, per pound, 60 cts peryaidf S5 

1434.-42 " " 60" " 80 

WHITE ROLL GERMAN DRAWING PAPER. 

Extra WhiU, in RolU, of dO to BO Ibt. 
No. 

1425.-^ 36 Inch wide, medium, per pound* 40 eta per yard $ 25 

1426.-44 «« ** *• 40 •• 30 

1427.-66 " " " 40 '• 36 

1428.-66 " " extra tough, per pound, 56 cts *' 60 

1429.— 60 " thick •' '♦ 55 " 70 

BEST EGGSHELL DRAWING PAPER.. 

IN BOLLS OF 30 TO 40 POU17DS. 

1430.— Eggshell 58 in. wide, thin, i-ough surface, per lb. 66 cts. per yurd $ 46 

1431. — •« 58 " medium *• " 55 •« 55 

1432.— " 58 '• thick " •« 55 ' " 75 

1483.— " 42 " medium " '* 55 " 40 

49* Full Bolls, only of Continuous paper, sold by the pound, at aboye 
rates. 

MOUNTED DRAWING PAPER. 

WHITE, MOUNTED ON MUSLIN. 
In BoUi of 10 yards. 

1440.— German Paper, 42 inches wide, rough surface, per roll 9 00 per yard $1 00 

1441.— Do 54 do do do 12 00,.... do 140 

1442.— Do 54 do thick do do 14 00, do 160 

1445.— Eggshell, 42 do medium do do 12 60,.... do 145 

1446.-- Do 64 do do do do 14 00 do 160 

1447.— Do 58 do do do do 16 00,.... do 180 

Large pieces for City, County or State Maps.— -Mounted to order. 

TRACING OR VELLUM CLOTH. 

In BoUn of 24 yards, both sides glazed, or face glazed and back dull, suitable for 

pencil marks. 

1450.— Imperial, IS inches wide, per roll, $6 00 peryard| 80 

1451.— " 80 " " -7 50 " 40 

1463.— " 86 " " 9 00 " 60 

1468.— •* 48 " ** 1160 ♦* e» 
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FRENCH TRACING PAPER. 

VnOB QtTAIiXXT, VICBY CLKAB AMD STBONO. 

No. Price. 

1465.— In Sheets, Boyal, 19X26 inches, per quire.... b $1 00 

1466.— " Super Royal, 21X26 " •• 150 

1467.— *• Double Elephant, 28X^0 *« *' 2 50 

1468. — In Bolls, 11 yards long and 43 inches wide, per roll, 1 60 

1469.— '• 22 •* •* " " 2 50 

1470.— Vegetable Boyal, 19X25 inc'iies, per quire $2 20, Per sheet 15 

1471.— •* Super Royal, 21X26 " '* 3 50, " 20 

1472.— •* I>ouble Elephant, 28X40 " ♦* 10 00, '« .... 65 

1473. — '* " in rolls of 22 yards, 54 inches wide, per roll, . . 5 00 
t474»—"Ma3Blne,** American traeinfj paper, white, very strong^ 

21x31 Inches, per quire, 12 50. per sheet 13 



PROFILE PAPER. 

1476.— Plate A, 42 X 15in., horizontal ruling, 4, vertical, 20 to in., per sheet .... $ 40 

1476.— Plate B, 42 X 13-54 ** *. " 30 " *• 40 

1477.—Plate C, 42 X 15 " 6, " 25 " *• 40 

Nos. 1475, 1476, and 1477, per quire 8 60 

1479.— Continuous Profile Paper Plates, A or B, 22 inches wide, per yard 30 



MUSLIN BACKED ROLL PROFILE PAPER. 

1480.— Muslin Backed Roll Profile Paper, of either Phtte A or B, 22 inches wide, 

in rolls of 20 yards, per yard $ 76 

1481.— Muslin Backed Roll Profile Paper, Plate B, 9 inches wide, in rolls of 20 

yards, per yard 50 

Plate B correspondt to that in iheeU known as Brown' t Profile Paper, 



CROSS SECTION PAPERS. 

1482.— Topographical Paper, 14 X 17 inches, ruled 400 feet to the Inch, per 

sheet, 10 cents per quire $1 75 

1483.— Traijtwine's Cross Section and Dia-ram, 10 feet to inch, for embank- 
ments of 14 and 24 feet, roadway, and for excavations of 18 and 28 feet, 

rulings 19^ X 12 inches, per sheet. 25c per quire 5 00 

1484.— Cross Section Papers, nilings 22X16 in. 8 ft. to in. per sheet, 25c., " 5 00 

1485.— " «* 20X16 10 " " 25c., " 6 00 

I486.— '• '• 20X16 10 " " every fifth line 

heavy, per sheet 25c., per quire ^ ^ 

1487.— Cross Section Papers, rulings 22X16 inches, 16 feet to inch, per sheet 25c. 5 00 

BuUd Cro88 Section Paper at hal^ abw$ prices. 
AU the Prq/Ue and Cross Section Papers can be furnished^ printed ivith 
red or green lines. 



• 
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LYONS'" TABLES. 

Vo. 

I490.«-Lyon8' Tables. A aet of Tables for finding at a ghmee the tme cnbical 

cont«it8 of Excavation and Embankments for all Bases, and for every 
vari«ty of Ground and Side Slopes. By M. E. Lyons, C. E. 

Sheet No. 1. General Table for all Bases and all Slopes. 

\ Do 2. For Side Hill CuU and Pills. 

/ Do 8. Base 12 feet Slopes l>itol 

Po 4 do U do l>»tol 

' Po 6. do 16 do ...., ^tol 

Po 6. do 16 do 1 tol 

Po 7. do 15 do J IMtol 

Po 8. do 16 do >4tol 

Po 9. do 16 do :. 1 tol 

Po 10. do 18 do >itol 

Po 11. do 18 do ^itol 

Po 12. do 18 do 1 tol 

Po 13. do 18 do l>itol 

Po U. do 20 do l>itol 

Po 16, do 24 do >i to 1 

Po 16. do 24 do l>i to 1 

Po 17. do 26 do l>i to 1 

Po 18. do 26 do l>i to 1 

Po 19. do 28 do Xtol 

Po 20, do 30 do 1 tol 

Po 21. do 30 do l^tol 

Po 22. do 30 do 1>^ to 1 

Po 23. do 32 do 1 tol 

Po 24. do 32 do 'iK to 1 

The Tables are printed in clear, bold type, on tinted paper, sheets 26 X 1^ 
inches. They may be used by candle-light without injuring the eye- 
Bight. Each sheet is complete in itself, and embraces all that is wanted 
in connection with Base or Slope designated, whether on level or side- 
hill cross section. 
Per sheet, 26 cents; bound in one volume $8 60 

FIELD BOOKS. 

1491.— Level Books, $4 60 per dozen.... eaoh$ 40 

1492.— Transit Books, 4 50 do do 40 

1493.— Record Books, 4 60 do do 40 

1494<— Cross Section Books, 8 inches long by 7 inches wide, for Topography, 

$10 00 per dozen each 1 00 

BOUND PROFILE BOOKS. 

These books are for field or office purposes, being printed on both sides of 
a tough thick paper, and bound in flexible covers, convenient for the 
pocket. Each page will contain a profile of three thousand feet in length, 
so that each folio will contain an average section of a road as nsualUr Iftid 



No. 
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ont for construction. Bailroad and other engineers will find them verj 
luefol. Size of book 9>^ by 6^ inches. The rulings correspond to our 
large profile plates A and B. 

* Prices 

UU6.-^Iate A, 26 leaves imitation Turkey morocco, with elastic band $3 60 

.,.....'.. 6 00 

8 00 

6 00 

900 

3 60 

5 CO 

8 00 

COO 

9 00 



U96.— 


" 60 


«( 


tt « 


<f 


U07.— 


•« 100 


«« 


<( « 


t< 


1498.— 


♦* 60 


«( 


Turkey morocco, turned edges, 


« 


U99.— 


" 100 


•« 


u « 


<( 


1600.— Plate B, 25 


<« 


imitation Turkey morocco, 


« 


1601.— 


•• 60 


<t 


(( << 


•I 


1602.— 


•• 100 


«< 


« « 


«< 


1603.— 


" 60 


« 


Turkey morocco, turned edges. 


4i 


1604.— 


«• 100 


<« 


«( «< 


t« 



INK SLABS, SAUCERS AND WATER COLORS. 





1611. 1616. 

Ink Slabs, 

For India Ink and Colors; containing 3 holes or cups and 1 slanting division. 
1611.— Measuring 2X X IK inches, each $ 15 

1612.— " 3XX2X •* •..-.. 25 

1613.— " 4%X2% " 35 

1614.— *• 4XX8 " 40 



Cabinet NestSj Water Glasses, and Palettes, 

Porcelain Saucers in nests; fitted on each other. 

1615. — Containing 6 Saucers and a Cover, 2}4 inches in diameter, per nest. 

1616.— •• 6 ** «' 2X " «* " 

1617._ «« 6 ** «* 3}i ** 

1518.— •• 6 " " 3% «« 

1619.— Patent Ink Slab, 1^ X ^>i inches, with Cover, each. 

1620.— " 2HX 6j^ " " 

1621.— Artist's Water Glass, 2% inches in diameter, each. . . 

1522.— •* -' « Z}^ " "... 






<( 
u 



<( 



(4 



33^ 



/'4 



1523.— 

1524.- ,;,4 

1525. — China Palettes, oval or oblong, 4 inches, each S5 



*>^ 






t* 

u 



60 
70 
80 
1 00 
50 
60 
15 
85 
86 
45 



1626 

1527.— 
1528.— 
1529.— 
1530.— 
1631.— 



i« 
t. 
<« 

(4 
«« 



«« 

If 
44 
(I 
(4 
H 



6 
6 
7 
8 
9 
10 



44 
44 
44 
f< 



80 
85 
40 
50 
60 
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WIHSOR & NEWTON'S CAKE WATER COLORS. 



lOto Ckkx Sa ceni 
le BlKk 



Brona Usdder 
Ootutatit WblM 



le FlBka White 

IB Hooket^a Qreei 
IB Hooker's Grew 



US lAjnp Black 
M Light Bed 
IJ MlplBB YeUow 

a» Mew Blae 
30 OUvo Oreeu 



ISSepU 



w.lBle 



IT CidiiKuii 



] 69 French Bine (or 1 1* Li-mon YoUqw 

OHllatane | TS Pure Scarlet 

■1 Qret-o Oiiae Cbm- 17 Boas MBdder 
'2 IndLsn Piirpla [mllim lor Madder I 



ee Cannlns | 

!(»>,— Whole Cakes, tl.Weacb Half Ca]iM 

1» Field's Oranns Vex. I 81 Ma™ Oranga I 83 

SO Uadder CarmlDe | 93 Purple Maddei | 81 



1 Ultruoarlue Aoh 
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WATER COLOR SLIDE-LID BOXES. 

Ho. PrlM, 

IHl.-Oolor Boxes to bold e whole orbKlfcakea t if 

IMi.- " •• la " •■ to 

IH3.— " ■■ 18 •■ ' ■• M 

1H4.— •' ■■ a* •■ " 100 

WINSOR & NEWTON'S WATER COLOR LIQUIDS. 

lUt.— Curaiue t eo ] 1G4S.— Zitnct ot OiOmll f eo 



1K4.-Uqnid Sepia. M 

WIMSOR &. NEWTON'S FULL CAKE WATER COLOR BOXES, 
FITTED. 



la C»k«, poUnliBd Muhopiny Lock ind Bnwi 
IS do do do 

H do do Complelfi Boi, 



Half Cake Water Color Boxes, fued. 

lUO. — 13 Cakfld, poUabod Maboffimy Lock ud Draver Doe.. ....... 

IMl.-lB do do do 

1S6I.— 11 do do ComplelA Boi, Bttod . 



. U W 
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CHmESE OR INDIAN INK. 



tl^^^Stfti 



^^^J^- 






■■i 
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No. Fries. 

16M.— o™i, blMli, wllhLionHeid C*li«. t a 

VM.— ■• ■• •• " » 

1667.— BouDd. gUt, -• " n 

IMS.— SquKs, blKjk, gUt Figmea " TB 

IfiTO.- •■ gUtOno " 1 M 

IfiTl.— Bjaue, blacli, tjllt rignrei (WlDHOr A Newtou'B b«t) '• 1 OO 

JAPANESE INK. 



blurred or defined b; tb 



■■ l«Ke " 

TbeM Inks ue Imported tor xa from CblD> Mid Japui. 

BRUSHES. 



k 
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imo.— It«d table In Quli 



IWl.— OuuulHilrlnqiilUj, No. 1 to a (Dne quality) ench S to 10 olA 






isMiaaitoo. 



I leiM.— Bed SiblB In SwBa QulIl* 



Ns. 0. 1. 3. S. t. B. <■ 

«uib| U 46 £S 30 M U U 
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No. 

l610.~Bed Sable in Albata, with handld 
No. 3. 4. 6. 8. 10. 
each! S5 85 45 60 75 



12. 
90 



14. 
1 35 



16. 
1 15 



18. 
2 25 



20. 
800 



2^. 
850 




S815<— Camel Hair in Tin, with bandle 

• No. 1. 2. 8. 4. 5. 6. 

each$ 10 10 10 12 12 U 
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1620.— FoU Size. 

1620.— Camel Hair Sky or Wash Bmsh 

No. 0. 1. 2. 

each$ 25 SO 85 



3. 
40 




1625.— Half Size. 

1623.— Camel Hair Wash Bmshes in Tin, with 2 points, or doable 
Bbm about equal to No. 1620 



No. 1. 


2. 


8. 


each$ 45 50 


60 


75 


1625.— Bed Sable in Albata, with 2 points 






No. 1. 


2. 




each $ 1 00 


1 25 





GILLOTTS STEEL PENS. 

No. Price. 

1690.— Mapping, on cards ....perdos. $ 76 

1691.— Lithograph, on cards *• 76 

1692.— lithogiaph Grow Quill, on cards. '< 60 

1692i.-Saper fine long shoulder Crow Quill on cards per doz. 76 

1693.— Extra Vine No 308,. .....per groM 1 00 

1694— " "170 " 100 

1695.— Falcon Pens " 75 

1696. — Commercial Pens.... ■< 75 

'^7.— Business Pens •* 75 
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QUILL PENS. 

THBSiJB BIZSS* 

No* Price. 

1698.— No, 1, per box of 2 doz. , ^ 4^ 

1699.— No. 2, " " 60 

1700.— No. 3, •* «* !!.!........!....!. 79 

LEAD PENCILS. 

. . ▲. W. TABSB'8. 

1701.— Hexagon, Tery best Siberian, No. 4Bio6H doa. $1 25 

1702.— " " Drawing, No. 1 to 6.... ** 75 

1703. — Black round, best, No I to 4 «« ^ 

1704.— Hexagon, for Divider Points, No. 4 ..^.^ , «« 1 00 

1706.— Bound, . " " " , «« 75 



:(:mj iwr5!aiA4^..aiaia2iiKn:M.' 



Artist Pencil with Siberian Lead, 

1706. 



1706.— Artist Pencil with Siberian lead. Large eacb 80 

1707.— «* «• <* Small each S5 

1708.— Leads for Artist Pencils, Siberian, 6 in box box 60 

1709.— *» « best " lto6 « 60 

These leads fit the new pencil holders in Alteneder and Swiss sets. 

1710.— Hexagon carmine and bine pencils, Faber, extra large doz. 1 60 

ITll.-'Bonnd carmine, ..; *' 100 

1712.— " blue, " 100 

1713.— " green, " 100 

1715.— One box, containing 7 knells, for Engineers, sliding ends to box 60 

1716— *« •« 6 " BBtoH 60 

1717.— " «• 7 " BBBtoHH 76 

1718.— «< •• 10 <« BBBBtoHHHH 100 

DRAWING PENCILS. 

Polygrades, Nbs. 1, 2, 3, 4, 5. 

Best quality, in stained Cedar. 

1721.— Hexagon, red polished, gilt, extra fine per doi. $ 76 

1722.— Bound, black polished, gilt, extra fine «* 60 

JHiis grade we compare with the Imported Pencils known as Hexagon and Bound Gilt. 

1726.— >Bed Chalk Pencils for marking stake per doz. 60 

4726.— ** inlump per lb. 20 

1727.— French Venetiaii Crayons, for marking stakes Csuperlor quality) per dos. 60 
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SPONGE RUBBER. 

No. Prio^ 

1T81.— Sponge Rabber, medlmn cakes .eachf 80 

17».— Do laige " " 75 

1788.— Sponge Babber (OloYe-cleaner) " 85 

INDIA RUBBER. 

1780.— A. W. Fftber't First QoaUtj, white, 1^ X 1 inch each $ 6 

1736.— Do do do IK X 1>^ " ". 8 

1737.— Do do do IHXDi" *• 10 

1738.— Do do do 2 Xl>i" " la 

1789.— Do do do 2 X l?i " thick «« 16 

1740.— Do do do ^>iXlH*' " 20 

1741 Do do do 3 X2K'* " *0 

1742.— Do do Black pure Gum. 1>^ X 13 inch ** 6 

1743— Do do do 1^ X IH " . ** 10 

1744— Do do do 1% X D* ** " 16 

1745.— Do do do 1% X IK ** thick " 18 

1746.— Do ImprovedlnkSraser, IK Xlincb <* 6 

1747.— Do Combined Ink and Pencil Eraser ** 15 

1748.— Do do do do Mammoth * 85 

1749.— Crystal Babber, small size 05, large size 10 

STEEL ERASERS. 

1760.— Rogers & Son's Steel Blade, Cocoa Handle $ 60 

1751.— «* «« Bone •* 60 

1752.— ♦« " Long Ivory Handle 76 

1763.— '• Enifs Eraser, Ebony " 76 

1764.— " *• Ivory " 126 



DRAWING BOARDS. 

1766.— B. p. I., 14 X 10 inches $ 76 

1756.— Super Boyal size, dovetailed ends 1 50 

1757— Double Elephant size, «* 8 00 

1769.— Framed Drawing Board, Mahogany, centre soft Pine and removable, 

17X12 inches 8 00 

1760.— DO do do 27X19 inches 5 00 
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MISCELLANEOUS. 

No. " Price. 

1776»— Beet Foolscap Paper, per ream |5 60 

1776.— Best Letter Paper, " 6 00 

1777. — Best Ck>miaercial Note, " 3 60 

1778. — Superior Post Office Paper, bnflf tint, 19 X 24, per ream 7 00 

1780. — Specification Paper, extra fine Legal Cap, thick, per ream 6 75 

1781.— -Flat Paper, smootli, extra, 16 X 21, per ream 60 

1782.— " *« " 18X23, " 13 50 

1783.— Superior WMte Envelopes, per thousand 4 00 

1784.— " Buflf •* " 3 60 

1785.— ** Buff *• "legal'' (large size), per thousand 8 76 

1786.— Arnold's Writing Fluid, per quart 76 

1787.— Maynard and Noyes* Writing Ink, per quart 76 

1788.— Blue Ink, per bottle 26 

1789. — David's Carmine, 2 ounce bottles, with glass stoppers, per bottle 60 

1790.— Bubber Bands, yi inch wide, 2 inches long, per gross $1 15, per doz ... 12 

1791.— *« yi *' 2>^ •* ** 1 40, " .... 16 

1792.— «« ^ "3 " " 1 65, •* . . . . 20 

1793.— " i^ *' 8>i *' •* 2 00, «* .... 25 

1794.— •• K " a " " 2 25, " .... 25 

1796 «• yi " 2>^ •* " 2 60, *' .... 30 

1796.— ♦* >^ •* 3 " " 2 75, " .... 35 

1797.— " K " 8^ " " 8 00, " .... 40 
1798.— ** K " assorted length " 2 00, 

1799«^- '* ^ ** 1^ inches long for tickets, &c., per gross. 25 
All other sizes Rubber Bands furnished at proportional rates. 

1 SOO.-'Hucilage, per cone (3 oz.) 25 

1801.-^ " "quart 125 

Copying Books, Copying Ink and Presses, Blotting Paper, and all articles 
of Stationery needed in Engineers' offices famished at reasonable rates. 

Envelopes, Letter and Note Heads, Cards, &c., printed and lithographed at 

usual prices. 

1802.— Timber Scribes or Harking Irons, each 1 26 

1808.— Blow Pipes, Brass, plain 60 

1804.— " " with bulb 75 

1806.— Geological Hammers, each.. 75 

1806.— Steel Chisels, 5 inches long, each 25 

1807.— " 6 " " 80 

1808.— Chamois Skins 75* 

Arkansas Oil Stones, 25c. to $2 00. 

Thermometers, all kinds and sizes, 40c. to $10 00. 

Barometers (Aneroid and Mercurial.) 

Hydrometers, for testing Spirits. Ammonia, Ether, Alkalien, Vinegar, Molasses, 
Salt Water, Urine. Milk, Oils, Bi'er, Bark, &c.. OOc. io $2 00. 
TwatUleld, 1 to 5. ^'A 2'> to %\ r.u 
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TURNING LATHE CHUCKS. 
SorUm CktKkx. 

laiO.— 1 to. e In. B in. 11 In. IG In. 18 In. 

•Mb tw 00. 38 00. 31 00. u 00. ea oa n oo. 

TTasMum & WhUon Chbckt. 
IBIL— a In, <ln. Bin. Bin. Jin. 

«h1i ti^ w. IB 00. IS 00. la 00. so ool 

Oneida Gtymimmity Chucks. 
leil.— B Innti. B Inc:;. 

B«K% i'ateni Drill Chuck. 
Ho. Pi 

1813.— No. 0, hold« ftom to « inch. Jswollers tS 

1814- — "1. " to J^ " dlanutor. ....,.........,,..,.,.......,. i 

1916— ■' a. " Olojf " '• ( 

18W— ■■ 3. " Dto)i " '• M 

MIT.-" 1. " ftto« ■' ■' 11 

Mona Tnist Drilli mpplled tt MtumfKtarers' prioH. 
atnb'uSlMl and Steel Wire. 

RAIN GAUGE. 

ISIO, — Smltbioniiui Bda Oaage, nuLdeeatlcet; of bisss. Tbli giuge hu bean 
adopted b; tlie Smithunlui InBtitste and U. 8. tatent Office, and li 
the ihdM simple In ite mnBtructiou of any noHiD aee. It is fnrnlabed 
Willi aeraduated scale wbich reads to lOths and lOOIbsoClDsliH: also 
a wooden cyUDder to insert io tbs ground for the piol«ctlau and Had; 
■d)iutiaeDt of the inEtrnmcDt. tl 

DEMONSTRATION LENSES. 



I 



>amaiutntlan Lmum , ■ let o( alx! 1^ !nehea dlameitr, ahoiring th( 
lOimi or Uie TUlonii kindu of lenaes, vli : DODble-OoaTax, Donble- 
I, Flan(>.OanTei, Flano^OonoaTe, Uantsona-CDnTei, and U*DlsoDa-Oon- 
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COSMORAMA LENSES. ' 

No. Price. 

1822.— Double or Plano-Gonvex Lens, 8 inches diameter, and either 80* 86* 4l 

or 72 inchee focus, each ^ $4 00 

1823 — ^Donble or Plano-GonYez Lens, 7 inches diameter, same fbci as 1822> each S^OO 

1824.— Double or Plano-Gonvex Lens, 6 inches diameter, of either 24, 30, 86, 48. 

or 72 inches focus, each 2 25 

1825.— Double or PlanorConvex Lens, 5 inches diameter, of either 18, 20, 24, 30, 

36, 48 or 72 inches focus, each 1 75 

1826. — ^Double or Plano-Oonvex Lens, 4 inches diameter, of either 12, 14, 16, 18. 

20,24, 30, 36, 48 or 72 inches focus, each 1 95 

1827.— Double or Piano-Convex Lens, 3 inches diameter, any focus 6 to 36 in- 
ches, each ^ 75 

1828.— Double or Plano-Oonvex Lens, 2 inches diameter, any focus 6 to 86 in- 
ches, each 60 

1829.— ^Double or Piano-Convex Lens, 1)^ inches diameter, any focus 6 to 48 in- 
ches, each ^ 

PRISMS. 

1831.— Solid Flint Olass Prisms, 8 inches long, each | 50 

1832.— " " 4 «• " 00 

1833.— " ** 5 ** " 80 

1834 «« " 6 " " 100 

1836.— «« «« 7 ** " 125 

1836.— •" ** 8 *• •* 160 

1887.— Metal Stand for Prisms, each- $1.50 to 3 00 

1838.— Prisms for Stereoscopes, 1 ^ incnes square, per pair 75 

1839. — ^Polyprism, making many heads out of one ^ 25 

1340.— Set of two Prisms to illustrate the principle of the Achromatic Object 

Glass 3 GO 

ACHROMATIC OBJECT GLASSES. '' 

POB SPT-OIA8SE8 AKD TELBfiCOFES. 

▲chromatio Lenses are formed by a combination Of a Double-Odhttii Jicui 
of crown glass, and a Piano-Concave lens of flint glass.' 'Thi 4l4i{antimie0' 
of a lens formed in this maimer are, freedom from sphefioal^^abarzation ■ .. 
or distortion, and the rays of light are not decomposed into tne primary: 
colors, in other words, the light passes through the lens and suffers Ao 
change thereby. 

1846.— Achromatic Object Glass, IK inches diameter, 18 to 30 inches focus 2 00 

1846.— " «« l)i " 18to30 " 8 60 

1847.— *• " 2 " 18 to 30 «« 4 60 

;848.— '■ ,. " . Sztraflne, 2 iuchds diameter, 86 inches fooos.. 7 00 

1849 — " " ** 2>i " 44 «• .. 9 00 

I860.— •< " "8 *• 48 ♦• .. 24 00 

1861.— " •« «• 8K " 54 •« ..60 00 

1862..i- " •* *• 4 «« 60 " ..76 00 
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STENCIL PLATES. 



EMm A 4 3 



IMO. 1901. 1903. 1908. 190A. 1906. 

1910 • A o 






vt5 



y 




A . -*r-v 



I 






1912 4' 3 
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STENCIL PLATES. 
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BXXOBT or LBTTSBS. ^i^ in. H in. yi in. % in. 5i^ in. 1 in. 

1900.— Alphabet 200 200 2 26 225 225 2 45 

Single letteiB, or words... per lettei 8 8 9 9 9 10 

ig01._Alphabet. 2 25 2 25 2 30 2 80 2 30-2 50 

Single letters, or words. ..per letter 9 9 10 10 JO 11 

1902.— Alphabet 2 25 2 85 2 35 2 50 2 60 

Single letters, or words... per letter 10 10 10 11 11 

1903.—Alphabet 2 25 2 25 2 30 2 30 2 30 2 50 

Single letters, or words... per letter 9 9 10 10 10 11 

Figures* 

Set of figures to match any of above styles of letters, the same price as a 
dossen letters. 
No. Price. 

1910.~Korth point, ftillsixe $ 50 

75 
50 
15 
15 

75 
75 
12 



it 
«< 






1911.— 
1912.— 

1920.— Dasher, 1^ inches long 

1921 — " iyi " 

(3 cents per inch for each additional inch.) 

1925. — Ornamental Comer 

1926.— «• ** 

Stencil Brushes, two sizes Sets and 

We furnish to parties who order, 1 doz. numbers or letters, a stencil brush 

of each size, without extra charge. 
These Stencil Plates will be found Tory useful to the architect, engineer, or 
surveyor, especiallv where words are repeated many times, as, Plan, 
Name of Bailroad, Ground Plan, Elevations,] Section, Profile, Draw- 
ing, NOi — , etc. 

Use Indian Ink, Thick, tob Mabkino. 

AVY WcntO OS WOBDB. AND LABOXB LETTSBS, CUT TO ObBKE. 
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BOOK CIROULAE, 

1878. 



Architecture, Bridges, Civil Engineering, 

Surveying, Construction, Strength 

of Materials, Geology, Mining, 

Pocket Books, Tables, ^ 

Instruments, etc. 



4C^ 



•*• KoTB.— Parties orderingr slionld either send drafts on Kew York, or 
postal orders on Troy, K. Y. ; or if money is enclosed in letters, snch letters 
should be registered at the post-offloe where mailed. 

We prepay postage on all Books when the price is sent to ns in advance. 

Orders for over $10.00, will be sent by express, **0, O. D.;" but for smaller 
sums parties will please remit the necessary amount with their order. 

Write all letters legibly, give your post-offlce, county and State, and be sore 
to sign your letter before mailing. 

We are not responsible Xor lo8ST)f<goeds s)snt by raflll. 

Should any other works on Idsldred topics be 4oa^se^ ,#e will fanOaHi them' 
at pnbUdiera' prioes. 



TROT, N. Y.: 

PUBLISHED BY W. & L. E. GURLET. 



ARCHITECTURE, CARPENTRY AND BUILDING. 

Price. 

ABERDEEN, Earl ot Grecian Architeetnre. (Weale's series.), $ M 

ALLEN. Bnial Architecture; being a Complete Description of Earm-Houses, 

Cottages, and Out-Buildings. By L. F. Allen. 12mo 160 

ALLEN. Cottage Building. By C, B. Allen. (Weale's series.) 60 

ABBf STBONQ. Chimneys for Furnaces, Fire-Places, and Steam-Boilera. By 

B. Armstrong, C.E. 1 vol. 12mo Paper 60 

AUDSLEY, W. & Ot. Cottage, Lodge, and Villa. With plates and Working 

Drawings 23 00 

S upplement, Italian Villa. French style $3.00 adc'itional. 

ABCUITECTUBE. Orders of. (Weale's series.) (SO 

" Styles of. (Weale's series.) tO 

<* Principles of Design. (Weale's series ) 80 

ASHPTTEL. Treatise, on Architecture, including the Arts of Constructive 
A Building, Stone Masonry, Arch Carpentry, Boof Joinery, and Strength of 

~ Materials. .4to. Illustrated 12 60 

BLACKBI7BNE. Bural and Suburban Architecture; being a series of Designs 
for Suburban and Bural Villas. Edited by £. L. Blackbume, and oilier 

eminent architects. 1 vol. 4to, half morocco. London, 1869 18 00 

BLENEABN. Practical Specifications of Works executed in Architecture, &c. 

ByJ. Blenkam. 1vol. 8vo. London, 1865 6 00 

BOWLEB. Chapel and Church Architecture, with Designs for Parsonages. 

By Bev. G, Bowler. Folio, illustrated 10 00 

BROOKS. Erection of Dwelling Houses, with Specification'?, Quantities of 

Materials, &c. 27 plates. By S. H. Brooks. (Weale's series.) 100 
'* Modem Architecture; being a series of Designs for Street Eleva- 
tions, Shop Fronts, Buildings adapted for Towns, with Specifi- 
cations, &c. By S. H. Brooks. 1 vol. quarto. London, 21 00 

** N^w Designs for Chimney Pieces, with Elevations, Sections, Pro- 

files, and Plans. By S. H. Brooks. 6 parts, royal 4to. 

London, 15 00 

BUUiOOE*S Rudiments of Arohiteetare and Building. 260 engravings. 8vo. 3 60 

" American Cottage Builder. TSengiavings 3 50 

BURN. Practical Ventilation. IvoLlSmo. Edinburgh, 1860 3 00 

** Building, Construction, Stone, Brick, and Slate work. Mancliester. 

16mo 76 

** Timber and Iron work, llfonchester. 16mo. 15 

BURNELL. Rudimentary Treatise on limes. Cements, Mortars, Concretes, 
Mastics, Plastering, &c. By Geo. B. Bumell, Fifth edition, with Ap- 

' pen dlces. (Weale's series.) 00 

OLE^^ILAND and BACKUS' Cottage and Farm Architecture i 00 

OBOFF'S Designs for Frpnt Entrance Doors. G. B. CrotL 22 plates. Extra 

Morocco cloth 6 00 

OUMMINGS and MILLEB'S Architecture, including Designs for Street Fronts, 
Suburban Houses, and Cottages, and with a great variety of details. With 

oirer 1000 illustrations. 1 vol. large 4to 10 00 

0UMMING6, M. F. Aiobiteotnxal DeMIs. lyoLlaKge^to ...1000 
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DIOnONABT of Terms, nsed by Builders, Architects, &c. (Weale's series.)* 2 00 
DOBSON. Brick and Tile Making. By £. Dobson. New edition, revised by 

Bobert Mallet. Loudon. 1868. (Weale's series . ) 1 M 

*' Fonndations and Concrete Wofks. By E. Dobson. (Weale's 

series.) 60 

*' The Arjt of Building. By £. Dobson. (Weale's series.) 60 

*' Masonry and Stone Cutting. By £. Dobson. (Weale's series.).. . . 1 00 

DOWNINO. Cottage Residences. By A. J. Downing. 8vo, cloth 6 00 

** Hints to Persons about Building in the Country. By A. J. 

Downing. NewYork,1868 2 00 

L ** Architecture of Country Houses. By A. J. Downing. 8to, cloth 6 00 

' ' " A Treatise on Landscape Gardening and Bural Architecture, by 

the late A. J. Downing, with Supplement by H. W. Sargent. 

1 vol. thick 8vo, cloth. Finely illustrated 6 60 

OILLMOBE. Practical Treatise on Limes, Hydraulic Cements, and Mortars. 

By Gen'l Q. A. GiUmore. 1 vol. 8vo Cloth 4 00 

** A Practical Treatise on Coignet Beton and other Artiflcial Stones. 

By Q. A. Gillmore, Miy -Gen. U. S. A. 8vo. With numerous 

plates. NewYork.1871 Cloth 2 60 

** Report on Strength of the Building Stones in the United States, 

etc. Svo^illustrated, doth. 100 

GOTHIC Stone Work. Withplates 160 

HATFIELD. The American House-Carpenter. By B. G. Hatfield. Seventh 

edition. 8vo. New York, 1869 Cloth 8 60 

HOLLEY'S Country Seats, containing Designs for Cottages, Villas, Mansions, 

Railway Stations, &c. 1 vol. 4to 6 00 

HOOD. A Practical Treatise on Warming Buildings by Hot Water, Steam, and 
Hot Air, on Ventilation, and the various methods of distributing Artiflcial 

Heat. By Charles Hood, F.R.S. 1 vol. 8vo. London, 1869 Cloth 6 26 

LEEDS. Lectures on Ventilation. By Lewis W. Leeds. New York, 1868. 

1 vol. 8vo 2 60 

LEUCHERS. How to Build and Ventilate Hot-Houses. By P. B. Leuchers. 

Hlustrated. 1vol. 12mo 1 60 

LOTH'S Practical Stair-Builder. A Complete Treatise on the Art of Building 

Stairs and Hand-rails. Illustrated with 80 original plates. 1 vol. large 4to. 10 00 
LOUDON'S Cyclopedia of Cottage, Farm and Villa Architecture and Furni- 
ture. 2,000 engravings. 1vol. 4to *. i8 60 

RANKEN. Strains in Trusses. New York, 1873 2 60 

BMD. A Practical Treatise on the Manufacture of Portland Cement, to which 
is added a translation of M. A. Lipourtz's work, describing a new 
method adopted in Germany of manufacturing that cement. By 

W. F. Reid. 1 vol. 8vo. London, 1868 7 60 

'* A practical Treatise on Concrete, and How to Make it. With Obser- 
vations on the Use of Cements, limes, and Mortars. By Henry 

Reid, C.E. 1 vol. 12mo, cloth. London, 1869 160 

, ROBINSON and TREDGOLD'S Carpentry and Joinery. (Weale's series.) 60 

« •< Carpentry and Joinery. Illustrative plates to preceding 1 80 

•• ^IIAW. Specimens of Tile Pavements, drawn from existing authorities. By 

Henry Shaw. 1 vol. 4to. Plates colored. Loudon, 1868 18 00 



^ 
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■HAW'S Civil Architecture; being s complete Theoretical and Practical 
System of Building, containing the Fundamental Principles of the Art. 
By Edwwd Siiaw. To wliich is added a Treatise on Gottiic Architecture, 
&c., by T. W. SLllo^vay and Qeo. M. Harding, Architects. Illustrated by 

102 plates, engraved on copper. 1 vol. 4to. Philadelphia, 1870 10 00 

SLOAN'S Homestead Architecture. Containing 40 Designs for Villas, Cot> 

tages,&o 4 60 

" City and Suburban Architecture. Containing Designs for Public 

Edifices, Private Besidences, and Mercantile Buildhigs 16 00 ' 

SMITH. Acoustics of Public Buildings. (Weale's series.) 60 * 

** Parks and Pleasure Grounds; or, Practical Notes on Country Beid- 

dences, YiUaa, Public Parks and Gardens. By C. H. J. Smith. 

1vol. lamo Cloth 3 25 

TOMIINSON. Warming and Ventilation. (Weale's series.) 1 20 

TBEDGOIJ)'S Carpentery. (Weale's series.) (^ <» 

•* Plates for ditto. (Weale's series.) -j-x w 

VAU X'8 Vil las and Cottages. With nearly 600 engravings. 8vo 3 00 

VITBUVIUS. Architecture. With platea (Weale's series.) 2 00 

WAI££B. Useftd Hints on Ventilation. £xplanatory oi its leading prin- 
ciples, and designed to ftcilitate their application to all kinds of Buildings. 

By W. Walker, Engineer. 12mo. Manchester, 1860 Cloth 60 

WEIDENMANN. Beautifying Country Homes : a Hand-book of Landscape 
Gardening. Hlnstrated by plans of places already improved. By J. 

Weidenmaun. 1 vol. 4to. New York, 1870 16 00 

WHEELEB. Bural Homes, or Sketches of Houses suited to American Country 
Life, with original Plans, Designs, kc. By Gervaise Wheeler. 

lvol.l2mo. New York, 1808. Cloth 150 

•* Homes for the People in Suburb and Country, the Villa, the 

Mansion, and the Cottage, adapted to American Clinoate and • 
Wants. By Gervaise Wheeler, Architect. Bevised edition. 

1vol. 12mo. New York, 1868 Cloth 2 00 

WOODWABD'S Country Houses. 12mo 100 

** Cottage and Fann Houses. With 178 original Designs and 

Plans of low-priced Cottages and Farm-Houses 1 00 

'* National Architect. Avery complete work. Fully illustrated. 

1vol. 4to 7 50 

•* Bural Church Architecture; containing 18 Designs by differ- 
ent Architects.. 4 00 

•* Suburban and Country Houses. With 70 Designs and Plans, 

and numerous examples of the French or Chateau Boof . ... 1 00 
TOTING MECHANIC. The. Practical Carpentry, with Directions for all kinds 

of Tools, Turning in Wood and Metal. Illustrated. Small 4to. Cloth 1 75 

ASTRONOMY. 

Price. 

AST BONOM Y. Main. (Weale's series.) $ 60 

CHAU VENETS Aetronomy. University Ed. Svols 7 00 

DBNNISON. Astronomy without Mathematics. By Edmund Beckett Den- 
nison, LL. D.« Q. C, F. R. A. S. From the 4th London edition. Edited, 

with corrections and notes, by Plmy E. Chase, A. M. 12mo Cloth 1 75 

GUILLEMIN. The Heavens 4 60 

GUMMEBE'S Astronomy 3 00 

LOOMIS'S Practical Astronomy. An introduction to Practical Astronomy, 
wittx a collection of Astronomical Tables. This work ftimishes a descrip- 
tion of the instruments lequired in the outfit of an observatory, as alio 
the methods of employing them, and the computations growing out of 
their use. It treats particularly of the Transit Instrument and of Gradu- 
ated Circles ; of the method of determining time, latitude, and longitude, 
with the computation of eclipses and occultations. The work is designed 
for the use of amateur observers, practical surveyers, and engineers. 8vo^ 
i79 pages. Sheep extra 9 00 
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PBOCTOB. Half-Hours vlih fhe Stars. A plain and' easy guide to the 
knowledge of the constellations, showing in twelve maps the position of 
the principal star groups night alter night throughout the year, with in- 
troduction and separate explanation of each map. True for every year. 

By Richard A. Proctor, B: A., F. B. A. S. Demy^to 3 00 

BAY'S Elements of Astronomy 3 25 

STEEL. Fourteen Weeks in Astronomy 160 

TOUNG'S Nautical Astronomy. J. B. Young. (Weale's series.) 80 

** KaTigation Tables. " " 60 

BRIDGES, ROOFS, &c. 

Price. 

ABOHES, Piers, Buttresses, " Bland.*' (Weale's series) ^ $ 60 

BAKEB'S liOng-Span Bailway Bridges. London 2 00 

BASHFOBTH. . A Practical Treatise on the Construction of Oblique Bridges, 
with spiral and equilibrated courses. With IS plates. By F. Bashforth, 

M. A. 8vo ...Cloth 4 60 

BARLOW. Oblique Bridges. 1 vol. 4to Paper 150 

BOLLBB. Practical Treatise on the Construction of Iron Highway Bridges ; 
with a short essay upon the Application of the Principles of the Lever to 
a ready Analysis of the Strains upon the more cnstomaiy form of Beams 

and Trasses. By A. P. Boiler, A. M., C. B. Illustrated. 8vo 8 60 

BUCK. A Practical and Theoretical Essay on Oblioue Bridges. By O.'W. 

Buck, C. E. 2d edition. Corrected by W. H. Barlow. 1 vol. 8vo. ..Cloth 6 00 

CAMPIN. Construction of Iron Boots... 2 00 

CHAKUTK The Kansas City Bridge, with an account of the Begimen of the 
Missouri Biver, and a description of the Methods for Founding in that 
Biver. By O'Chanute, Chief Engineer, and George Morison, Assistant 

Engineer, nictated. New York, 1870. 4to Cloth 6 00 

GLABKE. Descripi.jn of the Iron Bailway Bridge across the Mississippi 
Biver at Quincy, Illinois. By Thomas Curtis Clarke, Chief Engineer. 

Illustrated with numerous plans. 1 vol. 4to. New York, 1869 7 60 

OUIiLUM'S System of Military Bridges in the United States and Europe. 

1 vol. 8vo 8 60 

PEMPSEY, a. D. Trussed Bridges, and Viaducts. Folio Sewed 8 60 

** Iron Applied to Bailway Structures, comprising an abstract of 

results of experiments conducted under the authority of the 
Commissioners appointed to inquire into the application of 
Iron to Bailway Structures, with practical notes and illustrated 
plates and descriptions of some of the principal Bailway 
Bridges. By G. D. Dempsey, C.E. 1 voL 4to, with plates. 

London, 1860. Paper 1 00 

« Tubular and Iron Girder Bridges, including the Britannia and 

Conway Bridges. By G. D. Dempsey. (Weale's series) 60 

BOWLING. Iron Work. Practical Formulae and Bules for finding the Stotin 
and Breaking Weight of Wrought Iron Bridges. By C. H. Bowling, C. E. 

IvoLlOmo 60 

HAUPT'S Bridge Construction. With practical illustrations. 8vo 8 60 

** Military Bridges, including Designs for Trestleand Truss Bridges. 8vo. 6 60 
HENBIGI'S Skeleton Structures. In their application to steel and Iron 

Bridges, with folding plates 8 00 
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IBONBRIDGES. (Weale'a series) BD 

IBONEOOFS. (Weale'a series) \ReprintingA 3 35 

MEBBILL^S Iron Tiniss Bridges for Railways. With a comparison of the 

most prominent Truss Bridges. Illustrated. 4to 6 00 

BOBINSON, TBEDGOLD and PRICE'S Roofs for Public and Private BuUd- 

ings. (Weale's series) 60 

BOEBLING'S Long and Short Span Railway Bridges. With 16 fine copper- 
plates 36 GO 

SHREYE, S. H., A. M. C. £.. Strength of Bridges and Roofs. 346 pages, 

89 cuts. 8vo, tinted : . . . . 6 00 

WHIPPLE'S Bridge Building. « 00 

WOOD, De Yolsou. Treatise on the theory of the Construction of Bridges 

andBoofs. 1vol. 8vo '. 8 OO 

CHEMISTRY. _ 

Price. 

ATTFIELD. Chemistry, Oeneial, Medical, and Pharmacentlcal. By J. Att- 

fleld.F.C. S. 1vol. 12mo Cloth $2 75 

BOOTH and IVIORFIT. Encyclopedia of Chemistry, Practical and Theoretical. 

RoyalSvo 6 00 

CHURCH. The Laboratory Guide; a Manual of Practical Chemistry for Col- 
leges and Schools, especially arranged for Agricultural Students. By A. H. 

Church, M. A. 1 vol. 12mo. London, 1870 Cloth 8 76 

Ditto, 1872 8 60 

DE KONINCE & DIETZ. Manual of Chemical Analysis and Assaying 

Edited by Rob. Mallet. 1 vol. 12mo 2 60 

FO WNES, Prof. Chemistry, for ase of Farmers. (Weale's series.) 00 

MOTT'S Chemists' Manual. A Practical Treatise on CbemiBtry (Qualitative 




E.M.,Pii.D. eSOpages. 8vo Cloth 6 00 

MUSPRATT. Dr. S. Chemistry applied to Arts and Manufactures. Illus- 
trated with upwards of 1,000 engravings on wood. London. Complete. 

3 vols. 8vo, half Russia 84 00 

PEPPER. The Boy's Play-Book of Science, including the varions Manipula- 
tions and Arrangements of Chemical and Philosophical Apparatus re- 
quired for Scientific Experiments. New edition, illustrated. Isbno. Cloth 3 00 
PnCCHON'S Chemical Physics. Introduction to Chemical Physics; de- 
signed for the Use of AcademieB, Colleges, and Hish Schools. jQluBtrated 
with numerous engravings, and containing copious experiments, with 
directions for i>reparing them. By Thomas Raggles Pynchon, M. A., 
President of Trinity College, Hartford. New Edition. Revised and en- 
larged. Crown 8vo Cloth 8 00 

ROSCOK Lessons in Elementary Chemistry. London. 13mo 3 00 

RBGNAULT. Elements of Chemistry. ByM. V.Regnault. Translated ftom 
the French by T. Forrest Betton, M. D., and edited, with Notes, by James 
C. Booth, MeJter and Refiner U. S. Mint, and Wm. L. Faber, M.eta]lnrgi6t 
and Mining Engineer. Illustrated by nearly 700 wood engravings. Cum- 

£ rising nearly 1^500 pages. In two volumes, 8vo Cloth 7 60 
IMAN. First Principles of Chemistry. By Beni. Silliman. ISmo 3 00 

" First Principles of Physics or Natural Philosophy. By Bei^J. 

Silliman. 8vo 8 60 

STEELE. Fourteen Weeks in Chemistry 160 

WELLS, DAVID A. Principles and Applications of Chemistry, for the Use 

of Schools, Academies and Colleges 1 75 

YOUMANS.E. L. Class-Book of Chemistry. 13mo. New edition 175 
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CONSTRUCTIONS, STRENGTH OF MATERIALS, ETC. 

Price. 
i3ELL*S Machinery Construction and Working. (Weale's Series.) to«A 

" Plates to the above. 4to. (Wcale's Series.) foW 

BAEEB'S Strength of Beams, Columns, and Arches, iu Cast or Wrought Iron 

or Steel. London. 12mo 8 50 

•• Railway Engineering ; or. Field- Work Preparatory to the Construc- 
tion of Railways. 1vol. 8vo. Bv T.Baker 8 66 

BARBA on the Use of Steel. The Use of Steel in Constraction. Methods of 

Working, Applying, and Testing Plates and Bars. By J. Barba, Chief 

Naval Constructor. Translated from the French, with a Preface, by A. 

L. Holley, P. B. 12mo. Illustrated dloth 160 

BAIILOW ou the Strength of Materials. New edition, enlarged. 1 vol. 

8vo Cloth 9 00 

BLAND'S Arches, Piers, and Buttresses. (Weale's series.) 60 

BURGOTNE'S Boad-making and Macadamised Roads. (Weale's series.) 60 

BURNELL'S Limes, Cements, and Mortars. (Weale's series.) 60 

DOBSON'S Eoundatious and Concrete Works. (Weale's cerles.) t\* 

" Masonry and Stone Cutting. (Weale's series.) , . . . 1 00 

" Art of Building. (Weale's series.) 60 

EASTON'S Horse Railways ; their Location, Construction, and Management. 2 00 
PAIRBAIRN'S Application of Cast and Wrought Iron for Building Purposes. 2 00 

" Foui-th English edition. 8vo. London, 1870 Cloth 8 00 

FENWICK'S Mechanics of Construction, including theories of Strength of 

Materials lor Roofs, Arches, and Suspension Bridges. London. 8vo 6 00 

FRANCIS. Ou the Strength of Cast Iron I'illars. With Tables for the use of 

Engineers, Architects, and Builders. By J. B. Francis, Civil Engineer. 1 

vol. 8vo. New York, 1865 Cloth 2 00 

OILLESPIE'S Roads and Railroads ; their Location, Construction, and Im- 
provement Revised 2 60 

OILMORE'S Limes, Cements, and Mortars 4 00 

JERVIS' Railway Construction and Management 2 00 

MAHAN, (Prof. D. H.) Fortifications and Stone-Cutting, Descriptive Geome- 
try applied to the Drawing of. 1 vol. 8vo. Plates Cloth 1 60 

" An Elementary Course of Civil Engineering. 1 vol. 8vo. Plates 6 00 

•« Mechanical Principles of Engineering and Architecture. By H. 

Mosely. Edited with Additions, by Prof. L. H. Mahan. 1 vol. 8vo. . 6 00 

'* Advanced Guard, Outpost, and Detachment Service. 1 vol. 18mo. 

plates 1 60 

" Field Fortification. A Treatise on, with numerous illustrations. . 

Enlarged. 1 vol. 8vo Cloth S 60 

^ Permanent Fortifications. A Treatise on, with plates. 1 volume. 

8vo cloth 6 60 

CLYER. Tables for Setting Out Half- Widths on Railways. Roads, Canals, and 

other Public Works . By J. S. Olver. 12mo. London, 1870 Cloth 1 60 

RAILWAY Construction. Stevenson's (Weale's series^) 60 

8T0NBY. The Theory of Strains in Gii-dera and similar structures. With 

observations ou the application of Theory to Practice, tables of strength 

of materials, &c. By B. B. Stoney, M. A. New edition, complete, 1 vol. . 12 60 
TATE'S Strength of Materials as applied, to Tubular Bridges, Wrought and 

C&st-Iron Beams, etc. London. 8vo 2 76 

VOSE, Geo. L. Hand-book of Railroad Construction, with plaiis. maps, &c. 

Sd edition. ' le most complete hand-book of railway constmction yet 

?ubiidbed. bee advertisement at end of Manual IS 60 
RAUCH on Iron and Steel Constructions. Strength and Calcnlation of 
Dimensions of Iron and Steel Constructions, with reference to the latest 
experiments. By J. J. Weyrauch, Ph.D., Professor Polytechnic School 

of Stattgart 12mo. With four folding plates Cloth 1 00 

WOOD, DeYOLSON. Resistanceof Materuds, andan appendix on the Pre- 
servation of Timber, by Prof. De Yolson Wood, University of Michigan. 
This book contains the ^eory of the strength of materials, with chapters 
on tension compression. Theories of flexure and rapture fh>m tranverse 
BtresB, shearing stress, tranverse strength, torsion effects of long-contin- 
ued strains and shocks, and the limits of safe loading for mechanloal 
structores. 1vol. 12mo. 2i8pp * doth 800 
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DRAWING. 

Pricflt 
ABMEKOAtTD, AMOBOUX, ami JOHNSON. A Ojmplete Course of Mechanical 

Eogineering aud Arcbitectnral Drawing. Fnlly iUostrated $10 M 

APPLETON'S Cycloijedia of Drawing 10 00 

BECKEB'H Letter Book aud Oniaitiental Penmanship— « series of Analytical 

and Finished Alphabets I 00 

CHUBGH. Elemeut» of Descriptive Ocometry, with its Ajyplications to l^her- 
ical Projections, Shades, and Shadows, Penq>ective and Dsometric Projec- 
tions. By Albert E. Church,LJL.D. 1 vol. 8vo, cloth, and atlas of plates. 4to. 
Text Book at West Point Mil. Academy, aud Bensselaer Polytechnic Inst 4 00 
COPLET. A Set of Alphabets of all the Various Hands of Modem Use, with 
Examples in each Style; alito, the Mechanical and Analjrtical Coustmction 
of Letters, Flgores* and Titles. Drawn and arranged by Frederick 8w 

Copley. 1 voL oblong. New York, 1870 3 00 

DAVnOS. Treatise on Shades and Shadows, and Linear Perspective. 1 \<A. 8vo. 3 75 

ENaiNEEBING Drawing. (Weale's series.) Limp, $1 40 Cloth 1 80 

ENTHOFFEB. Maunal of Topography and Text Book of Topographical Draw- 
ing. By J. Eothoffer, U.S. Coast Survey. 1 vol. 8vo, with atlas. N.T., 1870. 15 00 

E88EB. DranghtKinan's Alphabets 2 00 

REAM. A Hand-Book of Map Drawing. By P. Keam. 1 vol. amall quarto. 

PhiUuielphia, 1869 80 

MAHAN. Indnstrial Drawing; comprislnir the DcBcriptio:i and Uses of Dxmw- 

ing Instnunents, &c. By D. H. Mahan. 1 vol. 8vo Cloth s 50 

*' Descriptive Geometry, as applied to the Drawing of Fortifications 

and Stone-Cutting. For use of the Cadets of the U. S. Military 

Academy. By D. H. Mahan. 1 vol. 8vo, plates, cloth 1 60 

MAXTON. Engineering Drawiug. Loudon, 1871 . . fWeale^s series.) 1 80 

McLEES. Alphabets aud Fancy Letters. Text-book lor Engineers and Sign 

Painters. By A. McLees, Bank Note Engraver 2 60 

MIMIFIE'S Mechanical Drawing, including an Introduction to Isometrical 
Drawing, and an Essay on Linear Perspective and Shadows. 

Finely illustrated. lvol.8vo 4 00 

*' Geometrical Drawing— an abridgment of tiio above. New edition, 

enlarged 3 00 

PSBSPEOTIVE. (Weale's series.) 80 

BUSKIN. Elements of Perspective; arranged for the use of Schools. By 

John Buskin. Illustrated. 13mo 1 00 

** Elements of Drawiug; in three letters to Beginners. By John 

Buskin. Blustrated. 12mo 1 00 

SMITH'S Topographical Drawing. lvol.8vo. Plates 2 00 

VOSB. An Elementarv Coarse of Geometrical Drawing. ContidDing Prob- 
lems on the Right Line and Circle. Conic Sections and other Corves ; the 
Projection, Section, and Intersection of Solids ; the Development of Snr- 
fkces, and Isometric Perspective. By Geo. L. Vose. One vol. fol., IS 

plates 5 00 

WABBEN'S Manual of Projections 1 50 

Linear Perspective 1 00 

Plane Problems in Elementary Geometry 1 25 

Higher Linear Perspective 4 00 

General Problems of Shades and Shadows 3 60 

Elemente of Machine Constmctiou aud Drawiug, or Machine 
Drawiug. By S. Edward "Warren, C.E. 1 vol. 8vo, with vol. of 

plates. NewYork,1870 7 50 

WILLIAMS and PACKARD'S Ornamental Letter Book 5 00 

WOODWARD'S Alphabets ••«». " 
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ELECTRICITY, TELEGRAPHY, ETC. 

Price. 

AIRY, G. B. A Treatise on Magnetism, deBigned for the use of Btndents in 

the UniTersity. lUnstrated. 12mo. London, 1870 Cloth $8 00 

BBEWSTEB, Sir David. Treatise on Magnetism. 1 vol. 12mo 1 50 

CLABK (Latimer) and Babine (Robert). Electric Tables and IB'ormnlae for the 
nee of Telegraph Inspectors and Operators. Illustrated. 12mo. Lon- 
don, 1871 Cloth 5 00 

CULLEY. Hand-book of Practical Telegraphy. By B. 8. Culley. 7bh edition 

enlarged. London, 1877. 1 vol. 8vo Cloth 8 00 

DESCHANEL'S (A. P.) Elementary Treatise on Natural Philosophy, Electrici- 
ty, and Magnetism, illustrated by 241 engravings on wood and one coloi-ed 
plate. 8vo. London, 1872 Cloth 6 60 

FABBEK (J.) and Lovering (J.) Elements of Electricity, Magnetism, and Elec- 
tro-Dynamics, by John Farrer, LL. D., and the fli-st part of a New Course 
of Physics, by Joseph Lovering, 8vo. Plates. Boston, 1842. . .Boards 2 00 

WATT. (Thomas Wright). New Theory of Galvanism. The Electrothermology 
of Chemistry, Electricity, and Heat Phases of the same Principle. Illus- 
trated. 12mo. Edinburgh, 1872 Cloth 175 

TTA'R.TtTfi^ A Treatise on Frictional Electricity, in Theory and Practice, By 

Sir William Snow Harris, F. B. S. liondon, 1867. 1 vol. 8vo. . . 7 00 
M Ifognetism: being a Concise Exposition of the General Principles 

of Magneticai Science, &c. 12mo. (Weale's series.) Cloth 2 25 

** Budimentary Electricity; showing the General Principles of Elec- 
trical Science, and the purposes to Which it has been ap- 
plied. Sixth edition, with- additions. 12mo. flex. (Weale's 
series.) Cloth 60 

HIGHtrt)N(E.) History of Electric Telegraph 100 

JECKEN. Treatise on Light, Color, Electricity, and Magnetism. By Johana 
F. Jecken, M. D. Translated by H. D. Jccken. 8vo. London, 
1869 Cloth 2 60 

LABDNEB (D.) On Heat, Electricity, Magnetism, and Galvanism. 1 vol. 

12mo. 250 cuts 1 50 

LABBABEE (Chas.) Cipher Letter and Telegraphic Code. 12mo 1 00 

McGBEGOB (W.) Questions on Magnetism, Electricity, and Practical Mag- 
netism, by W. MieOregor. (Weale's series.) 60 

MIIiLEB (W. A.) Electricity and Magnetism . 1 vol. 8vo Cloth 2 60 

MOBSE (Prof. S. F. B.) History of Telegraphy and Telegraphic Apparatus 

an d Processes. 8vo Cloth 2 00 

KEWNHAM (W.) Human Magnetism ; its claims to dispassionate inquiry. 
Being an attempt to show the utilities of its application for the relief of 
human suffering. 12mo. New York, 1846 Cloth 1 00 

POPE. The Modem Practice of the Electric Telegraph. By P. L. Pope. 9 th 

edition, revised and enlarged. 8vo. New York, 1871 Cloth 2 00 

MtESCOTT. Bleciricity and i.he Electric Telegraph. By Geo. B. Prescott. 

1 vol., illastrated. New York, 1877 6 00 

TELEPHONE, The. An Account of the Phenomena of Electricity, Magnet- 
ism, and Sound, ae involved in its Action, with Directions for making 
a Speaking Telephone. By Prof. E. A. Dolbear. Illustrated. 1 Bmafi 
^»1, Boaton, 18T7 ....^ 75 
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GEOLOGY, MINING, AND METALLURGY. 

' Price. 

BABSTOW. Sulphnrets; what they are; how concentrated; how assayed; 
and how worked; with a Chapter on the Blow-pipe Assay of Minerals. By 

Wm. Barstow, M. D. 1 vol. 12mo. San Francisco, 1«67 Cloth $1 25 

BAtJEBM AN. Metallurgy of Iron. Coutaiiiiug Outlines of the History of Iron 

Mauufikcture, Analysis of Iron Ores, etc 12mo (Weale's series.) Cloth 1 8U 

BLA££. The Production of the Precious Metals; or Statistical Notices of the 
Principal Gtold and Silver Producing Regions of the World. With a chaj)- 
ter upon the Unification of Gold and Silver Coinage. By Wm. P. Blake, 
Commissioner from the State of California to the Paris Exposition of 

1867. One volume, 8vo Cloth extra 2 00 

BUDGE. The Practical Miner's Guide; with a Treatise on the Art and Prac- 
tice of Assaying Silver, Copper, L€»ad and Tin. By J. Budge. London, 

1866. Ivol.Svo..., Cloth 6 00 

BTBNE. The Practical Metal worker's Assistant. 600 engravings 7 00 

COAL aiid Coal Mining. By^W. W. Smythe. 1 vol. 8vo ...Cloth 4 00 

COALMINING. (Weale's series) 1 40 

CBOOEES. A Practical Treatise on Metallurgy. Adapted fi'om the last Ger- 
man edition of Prof. Eerl's Metallurgy. By William Crookes and Ernst 

Bohrig. In three vols, thick 8vo 30 00 

Separately. Vol. 1. Lead, Silver, Zinc, Cadmium, Tin, Mercury, Bismuth, 

Antimony, Nickel, Arsenic, Gold, Platinum, and Sulphur 10 00 

Vol. 2. Copper andiron 10 00 

Vol. 3. Steel, Fuel, and Supplement 10 00 

DaDDOW and BANNAN. Coal, Iron, and Oil; or, the Practical Miner. A 
Plain and Popular Work ou our Mines and Mineral Resources, and a Text- 
Book or Guide to their Economical Development. With numerous Maps 
and Engravings. By S. H. Daddow and Be^j. Bannan. 1 vol. Svo... Cloth 7 60 
DAfTA'S Manual of Geology, treating especially of American Geological His- 
tory. 1 vol 5 00 

" Manual of Mineralogy, including Observations on Mines, the Bedac- 

tion of Ores, etc 2 25 

•• Text-Book of Geology 2 00 

•' A System of Mineralogy. Descriptive Mineralogy, comprising the 
most recent Discoveries, by Prof, J. D. Dana, aided by Prof. Geo. 
J. Brush. 5th edition. Illustrated. 1 vol. 8vo. N. Y., 1868 . .Cloth 10 00 

•« 'On Bocks. (Weale's series) '. 80 

FA]tilBAIBN. Iron: its History, Properties, and Processes of Manufacture.... 4 50 

IBON and Copper. Cook and Bohrig's. Treatise ou. 1 vol. 8vo Cloth 10 00 

IBON *ud Heat. (Weale's series) 1 00 

yTTRT.. A Practical Treatise on Metallurgy, adapted ft-om the last German 
edition oi Eerl's Metallurgy. By WilUam Crookes, F. B. S., and Ernst 

Bohrig. 3 vols. 8vo. Each Cloth 10 00 

LANBOBN, Dr. B.H. Metallurgy of Copper, Sm el tings, &c. (Weale's series) . . 80 
" Metallurgy of Silver and Lead. Illustrated. (Weale's series) 80 

LYELL, Sir. Chas. Principles of Geology ; or, the Modern Changes of the 
Earth and its Inhabitants considered as illustrative of Geology; By Sir 
Chas. Lyell, Bart Tenth and entirely revised edition. 2 vols. London, 

1867 Cloth 16 00 

" Elements of Geology. Svo 3 60 
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CYELL, Sir Ohas. A Manual of Elementary Geology; dr, the Ancient Chan- 
ges of the Earth and its Inhabitants, as illustrated by Geological Monu- 
ments. 6th edition. Greatly enlarged, and Illustrated with 750 wood- 

cuts.Svo. Boston, 1855 Cloth 8 00 

MANUAL of Mining Tools, by Wm. Morgans. (Weale's Series) 1 00 

Plates to the above, 235 Engravings. 4to. (Weale's Series) 1 80 

MATHER, James. The Coal Mines. Their Dangers and Means of Safety. 

Plates. 8vo. London, 1863 Cloth. 125 

** The Coal Mines, their Dangers and means of Safety, with 

the Report of the South Shields Commitfee appointed 
to investigate the causes of accidents in Coal Mines, 
with plans and appendix, etc., written and compiled by 

^^ by James Mather, Esq., London, 1868 10 00 

METALLUBGT and Manufacture of Iron. 1 vol. 8vo., 435 pages, plates. Cloth 6 00 

METALLURGY of Iron. (Weale's series) Cloth 1 80 

MINING and Quarrying. (Weale's series) 60 

OVERMAN. Practical Mineralogy, Assaying and Mining, &c. 12mo 1 00 

" A Treatise on Metallurgy ; Comprising Mining and General and 

Particular Metallurgical Operations. 372 wood engravings. 8vo. 6 00 
PEPPER'S Play Book of Metals, including Narratives of Visits to Coal, Lead, 

Conner, and Tin Mines 2 25 

SILVERSMITH'S Hand-book for Miners, Metallurgists and Assayers, with 

details of American Mining Practice 3 00 

STEEL. Fourteen weeks in Geology 1 60 

TAYLOR, R. C. Statistics of Coal; including Mineral Bituminous Substances 
employed in Arts and Manul^tures ; with their Geographical, Geological, 
and Commercial Distribution and Amount of Production and Con sump- ■ 
tion on the American Continent. 2d edition. Revised by S. S. Haldeman. 

1 vol. 8 vo 6 00 

VON COTTA'S Ore Deposits. "Prime.' 4 00 

WRIGHT, Wm. Oil Regions of Pennsylvania 1 50 

HYDRAULIC ENGINEERING. ^ 

Price. 
BOURNS. The Principles and Practice of Engineering, Trigonometrical, 
Subterraneous and Marine Surveying. With an Appendix. By Charles 

Bourns. 3d edition. London, 1867. 1 vol. 8vo cloth $2 60 

BOX. Practical Hydraulics; a series of rules and tables for the use of engin- 
eers, &c. By Thomas Box. 2nd edition. Loiidon, 1870. 1 volume. 

12mo ^ Cloth 2 60 

BURNELL and Swindell. Well Sinking, Boring, and Pump-work. (Weale's 

series.) 40 

DEMPSEY. Draining Districts and Lands. (Weale's series.) CO 

<* Drainage and Sewerage of Towns and Buildings. /Weale's 

Mries.) 1 09 

FANNING. A Practical* Treatise on Water Supply Engineering : relating to 
the Hydrologv, Hydrodynamics, and Practical Construction of Water- 
Works, in North America. With numerous tables and illustrations. 
By J. T. Fanning, C. B. 1 voL 8vo. 6^ pages, 180 illustrations. Fine 

cloth binding. .. . 6 0? 

FRANCIS' Lowell Hydraulic Experiments on Hydraulic Motors, flow of water 

In weirs, etc. 1 vol. 4to 16 00 

FRENCH'S Principles, Process, and effects of Draining Lands 1 60 

FRESI. Rivers and Torrents, and a treatise on Navigable Canals and Rivers 

that carry sand and mud. By P. FrisL (Weale's series.) 1 00 

GLYNN'S Water Power as applied to Mills. (Weale's series.) doth 1 00 

HEWSON'S Embanking, Rivers, Levees, etc 2 00 

HUGHES' Waterworks for Cities and Towns. (Weale's series.) 1 00 

KIRKWOOD. Report on the Filtration of River Waters for the supply of 
Cities, as practiced in Europe, made to the Board of Water 
Commissioners of the city of St. Louis. By James P. Kirk- 
wood, C. E. Published by permission of the Board. lilus. 

4to. New York, 1869 Cloth 16 00 

*• Collection of Reports and Opinions of Chemists in regard to the 
use of Lead Pipes for Service Pipes in the distribution of 
waters for the supply of cities. By J. P. Kirkwood, C. E. 1 
vol. 8vo, New York, 1809 Cloth 
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KBEPP. The Sewage Qnestion ; being a general review of all the systems and 
methodshifherto employed in various countries for draining cities and 
utilizing sewage, with a description of Liernur's System, etc. By Fred. 
Chas. Krepp. London, 1867. 1 voL 8 vo «. Cloth 6 as 

LEFFBL. The Constractlon of Mill Dams. Comprising also the Building 
of Race and Reservoir Embankments and Head Oates, the Measurement 
of Streams, Ganging of Water Supply, etc. With numerous f^ll-page 
illustrations 880 

8CHRAMKE. Description of the 19ew York Croton Aqueduct, in English, 
German, and French. By T. Schramke. With 2Q plates. 1 volume, 
4to Boards 6 00 

STEVENSON'S Canal and River Engineering, ad edition. Dlnstrations and 

Maps. 8vo Cloth 6 00 

** The Design and Construction of Harbors. By Thoa* Steven- 
son. lvol.8vo. New Edition 6 00 

STEWART. Irrigation for the Farm, Garden, and Orchard. By Searv 

Stewart,C.B. 1 vol., iUustrated. New York, ISTT ISO 

TREDGOLD'S Tracts on Hydraulics, containing Smeaton's experimental pa- 
pers on the power of water to turn mills, &c., &c., Venturl's experiments 
on the motion of fluids, and Dr. Young's summary of practical hydraulics. 
Plates. Royal 8vo. Boards Reduoedto S 60 

WIGGINS. Embanking Lands from the Sea. (Weale's series.) 80 

JIACHINERY AND MECHANICS. 

Price. 

ABBEL, C. D. Machinery Construction. (Weale^s series.) $ 60 

" " Machinery. Plates 8 00 

APPLETON'S Dictionary of Mechanics. 2 vols 18 00 

BAKER, T. Mechanism, Tools, and Machinery. (Weale's series.) 1 00 

« Steam Engine. (Weale's series.) 4G 

BOURNE, JOHN. A Catechism of the Steam Engine. New revised edition, 

with niustratious. 12mo Cioth 2 00 

*' ** Hand-Book of the Steam Engine. Constituting a key to 

the « Catechism of the Steam Engine.'' Illustiated with 

67 woodcuts. 1 vol. 12mo Cloth 2 00 

** " American Edition. Appleton 176 

Byrne, Handbook for the Ariizan, Mechanic, -and Engineer : oompriaiDg the 
Grinding and Sharpening of Cutting Tools, Abrasive Processes, Lapidary 
Work, Gem and Glass Engraving* Varnishing and Lackering, Apparatus, 
Materials, and Processes for Grinding and Polishing, kc By Oliver 
Bvme. Illustrated by 186 wood engravings. 1 vol. 8vo 6 00 

CLAWS., A Manual of Rules, Tables, and Data for Mechanical Engineers^ 
based on the most recent investigations. By Daniel Kinnear Clark, 
Member of the Institution of Civil Engineers, author of ^'Railway Ma- 
chinery,** '■*' Exhibited Machinery of 18^,** etc. Illustrated with numerous 
diagrams. A complete book of reference for mechanical engineers. Just 

published, in one large octavo volume, 1,012 pages. Dlustrated Cloth 7 60 

Half morocco 10 00 

COLBURN. Locomotive Engineering, and the Mechanism of Railways. By 

Zerah Colburu. 2 vols., cloth. London, 1871 16 00 

DEMPSEY. A Rudimentary Treatise on the Locomotive Engine in all its 
phases. By O. Drysdale Dempsey, C. E. 2d edition. ( Weale^s 

series.) 60 

Illustrated 1 80 

FORNEY, M. N. Catechism of Locomotives. Originally published in weeUj 
parts for first nine months of 1874. Contains xO Questions and Answers 
on Theoretical and Practical Management of the Locomotive. Dlustrated 
with 250 woodcutA, and represents principal classes of Engines used in 
this country 2 60 

GLTNN, J. Cranes and Machinery for Heavy l>odies. (Weale's series.) 40 

HUGHES. American MUler and Millwright's Assistant. By Wm. Carter 

Hughes, A new edition. In one volume, 12mo 1 60 

MARTIN. Sorew-Cutting Tables for the use of Mechanical Engineers, show- 
ing the proper urranKement of Wheels for cutting the threads of screws of 
any required pitch. By W. A. Martin, Engineer. Royal 8vo, oblong. Cloth. 60 
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MOSELEY. The Mechanical Principles of Engineering and Architecture. By 
Henry Moseley, M.A., F.B.S. 2d American, from 2d London edition, with 
additions. By D. H. Mahan, LL.D., IT.S.M. A. 1 vol. 8vo, cloth. New York, 

1866 0^ 

OVERMAN'S Mechanics,, for the Millwright, Machinist, Civil Engineer, and 

Architect '. 1 50 

PALLETTE. The Miller, MiUwright, and Engineer's Ouide 3 00 

POWEB in Motion. (Weale's series.) .• 1 00 

BANKINE'S Machinery and Mill works. 2d ed. revised Cloth 6 M) 

" Machinery and Mill works, applied Mechanics 5 00 

BOPEB STEPHEN. Modeling, Construction, and Managements of Steam 

Engine Boilers 2 00 

BOPEB. Handbook of the Locomotive Engine. 8vo, 324 pp 2 50 

ST^iAM Boilers. (Weale's series.) 60 

STEAM ENGINE. (Weale's series.) 40 

TEMPLETON'S Young Millwright's and Miller's Guide 2 00 

TOMLINSON, Ghas. Mechanics. (Weale's series.) 60 

WEISBAOH. Mechanics of Engineering. By Dr. Julius Weisbach, of Freiburg. 
Translated from the Fourth German edition, by E. B. Coxe, A. M., Theore- 
tical Mechanics. Third edition revised. New York, 1872 Cloth 10 00 

WINTON, J. O. Workshop practice. (Weale's series.) 1 20 

MATHEMATICS. 

Price. 

9AKEB. Mensuration. (Weale's series.) « | 60 

^ILLAU. A New and Complete Set of Traverse Tables, showing the diSev 
ences of latitudes and the departures to eveiy minniia of the quadrant, 
and to five places of decimals, &c., &c. By Capt. J. T. Boillau. 1 vol. 8vo, 

New edition... Cloth. 6 00 

BOWDITCH. Useful Tables fh>m Bowditch's Practical Navigator. A new 
edition, with additional Tables. Bureau of Navigation, Navy Department. 

Washington, 1868. 1 vol. 8vo, half morocco 1 25 

BBUHNS. A new IkUnual of Logarithms, seven places of Decimals, edited by 

Dr. Brahns. Stereotype edition. 1 vol. 8vo, Xicipzig 1870. Half morocco 2 50 

CHAUVENET'S Geometry 2 00 

" Trigonometry 1 75 

CHUBCH, A.E. Elements of Calculus. 1 vol. 8vo Cloth 2 60 

" " Analytical Geometry. 1 vol. 8vo. Cloth 2 60 

D AVIES. Mathematical Dictionary. By Chas. Davie«. 12mo Cloth 4 00 

" Pi<ac. Math, and Mensuration. 150 

" Mathematical Tables 1 00 

Metric System 1 50 

GBE(jK)BY'S Mathematics for Practical Men 8 00 

HaNN. Examples of Integral Calculus. By J. Hann. (Weale's series.).... .. 40 

'< Geometry. By J. Hann. (Weale's series.) Revised 80 

*' ' Plane Trigonometry. By J. Hann. (Weale's series.}. t ca 

<' Spherical Trigonometry. By J. Hanu. (Weale's series.) f ^^ . 

LAW. ^rM>le8 of Logarithms', with Tables of Natural Sines, Cosines, and 

Tangents. By H. Law. (Weale's series.) 1 00 

PABEEB. Quadrature of the Circle. Containing demonstrations of the 
errors of Geometers in finding the Approximations in Use; and including 
Lectures on Polar Magnetism and Non-Existence of Projectile Forces in 

Nature. By John A. Bsrker. 1 vol. Svo ,,.. Cloth S 50 

ROBINSON'S New Geometry and Trigonometry. In sheep 8vo 2 26 

WABBEN. Deseriptive Geometry. B^ £. S. Warren. 8yo. 4 00 
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POCKET-BOOKS, TABLES. &o. 

Price. 

BUBT'S Key for Solar Ciompass $260 

BYRNE'S Pocket-Book for BaUroad and Civil Engineers 1 7d 

CLEV£NO£B, S. V. A Treatise on the method of Oovemment Surveying as 
prescribed by tiie United States Ck>ngress, and Commissioner of the Gen- 
eral Laud Office. With complete Mathematical, Astronomical and Prac- 
i tioal Instructions, for the use of Uuited States Surveyors in the field, and 
students who Contemplate engagiug iu the business of Public Land Sur- 
veying. By Shobal V. Cleveuger, U. S. Deputy Surveyor, 1874. 

pocket form, gilt edge 2 50 

GROSS' Engineer's Field Book 1 50 

GRISWOLD'S Pocket Companion for the Field 1 75 

HASLETT'S Eugineer's and Mechanic's Pocket-Book 2 £0 

HASWELL'S Eiigiueer's and Mechanic's Pocket-Book 3 00 

HENCK'S Field Book for Civil Engineers 2 60 

MOLESWOBTH'S Pocket-Book of Formulas for Engineers. Bevised 3 00 

NTSTROM'S Pooket-Book of Mechanics and Engineering. Revised 3 60 

TABLES AND FORMULAE uselUl in Surveying, Geodesy and Practical As- 
tronomy, being No. 12 Professional Papers of the corps of Engiceers of 
the U. S. Ai'my 10 00 

SCRIBNER'S Pocket Table Book. Tenth ed., revised. ..... 150 

'* En^eer'B and Mechanic's Companion. 18th ed., revised 1 60 

SHUNK. A Practical Treatise on Railway Curves, and Location, for Young 

Engineers. By W. F. Shunk 2 00 

TE MPLETO N'S Millwright's and Engineer's Companion 2 00 

IBAUT WINE'S Excavations and Embankments 2 00 

" Bailroad Curves 2 00 

Civil Engineer's Pocket Book of Mensuration, Trigonometry, 
SorvQymg^jdraalics, Hydrostatics, Strength of Materials, 
Masom-y, Principles of wooden and Iron Boot and Bridge 
Trusses, Stone Bridges and Culverts, Trestles, Pillai-s, 
Suspension Bridges, Dams, Bailroads, Turnouts, Turning 
Platforms, Water Stations, Cost of Earthwork, Founda- 
tions, BetainingWaIls«ctc.,etc., etc 5 00 

SURVEYING AND ENGINEERING. 

See also Pocket-Books, Tables, &c. 

Price. 
ANDBEWS' Treatise on Agricultural Engineering. Illustrated. (Weale's 

series.) $1 20 

BAEEB'S Land and Engineering Surveying. ( Wea}e*s series.) 80 

** Bailway En^eering ; or, Field Work preparatory to the Construc- 

tion of Railways: containing the orit^nal and most approved 
methods of Laying Out Railway Curves, and of Setting Out the 
Widths of the Cuttings and Embankments, etc ; a General Table 
for the Calculation of Earthworks, of Railway Cuttings^ etc., with 
two Auxiliary Tables ; also, Tunnelling, and Investigation of the 
Formula for the Superelevation of the Exterior Rau in Curves. 
By T. Baker, C. E. Second od. 1 vol. 8vo, cloth. Illustrated. . 3 00 
BALCH. General Classification of Railway Rights, Realties and Personal- 
ties, Ac., &c {.See Advertisement in back of Manual.) By George T. 

Balch, C. E. In one volume folio, 200 pages 6 00 

BUBB. Instruction in Practical Surveying. Topograp^jical Plan Drawing, 
and Sketching Ground without Instruments. 4th edition. By Geo. D. 

Burr. 1vol. 12mo Cloth 3' 00 

DAVIES. Elements of Surveying and Levelling. By Charles Davies. Be vised 

edition. 12mo, sheep. New York, 1870 2 60 

DEMPSEY, G. D. The Practical Bailway Engineer. By G. Dcyadale Dempsey, 

C.E. 4th edition, revised. 1vol. 4to Cloth 26 00 

rENWICK*S Subterraneous Surveying. (Weale's series.) 1 00 

FBOME. Outline of the Method of Conducting a Trigonometrical Survey, Jor 
the Formation of Geographical and Topographical Maps and Plana. By 
Col. Frome, Boyal Engineers. 1 vol. 8vo. 4th edltioB. Loodon, 1873. 

Cloth 8 or 

GILLESPIE'S Land Snrveylng 3 00 

M Bigher Surveying*. A Treatiiu> ou Levelinsr. Tonography, Min- 

'"T Snrvevina &;o. v%. 
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GILLESPIE'S Manual of the Principles and Practice of Boad-Making. By 

W. M. Gillespio. 1 vol. 12mo, cloth. 10th edition, enlarged 2 60 

GILLMOBE (Gen. Q. A.) Pinictical Treatise oh the Ck>n8tniction of Boads, 
Streets, and Pavements. By Q. A. Gillmore, Lt-Col. U. 8. Corps of Engin- 
eers, Brevet Major-Gen. U. S. Army. With 70 iUustrations. 12 mo. cloth. 2 00 

GUMMEBE'S Surveying 200 

nAUPT. A Manual of En&^neerinff SpeciftcationB and Contracts, designed as 
a Text-book and Work of Reference for all who mar be engased in the 
Theory of Practice of Engineering. By Lewis M. Jaianpt, R-of. of Civil 
Bngineeringf Towne Scientific School, etc., University of Pennsylvania, 

Phua. 8vo, cloth. Illnstrated 8 00 

HAWE'S System of Bectangular Surveying, employed in subdividing the 
Public Lands of the United States; being a Manual of U. S. Government 

Surv eying. 1 vol. 8vo 3 00 

JEFFEBS. Treatise on l^autical Surveying. By Capt. W. N. Jeffers, U.8.N. 

8vo, cloth, illustrated. New York, 1871 5 00 

LAW and BUBNELL'S Civil Engineering. (Weale's series.) 1 HO 

MAHAN. An Elementary Course of Civil Engineering. By D. H. Mahat\. 8vo. 

Cloth. Revised by De Volson Wood , 6 00 

MUBBAY. Manual of Land Surveying *. 2 00 

PLANE TABLE, and its use in Topographical Surveying. From the papers of 

Coast Survey Illustrated. 1 vol. 8vo 2 00 

BANKINE'S Manual of Civil Engineering 6 60 

BOBINSON'S New Surveying and Navigation. With use of Instruments, 
essential Elements oi Trigonometry, Mensuration, and the necessary 
Tables, for Schools, Colleges, and Practical Surveyors. Edited by Oreu 

Boot, A. M., of Hamilton College. In sheep. 8vo. 498 pages 2 25 

SIMMS. A Treatise on the Principles and Piactice of LeveUing. By F. W. 
Simms, C.E. 6th edition, revised. With Law on Curves. 8vo, 

cloth. New York, 1870 2 50 

«• Practical Tunnelling. By F. W. Simms, C.E. 8d edition. Bevised 

by W. Davis Haskoll, C.E. 1 vol. 8vo. Cloth *2 00 

STEPHENSON. The Science of Railway Construction, for the use of Engi- 
neers, by Sir M. Stephenson, kc. (Weale's series.) 60 

*' Civil Engineering of North America. By David Stevenson. 

(Weale's series.) 1 20 

VAN NOSTBAND'S Engineering Magazine Per No., 60 cents; yeai-ly 6 00 

VOSE, G. L. Handbook of Ballroad Construction, with Plates. 1 voL 12 60 

TREATISES ON INSTRUMENTS. 

Price. 
BLOWPIPE. A System of Instruction in the Practical Use of the Blowpipe; 
being a graduated course of analysis for the use of students and all tiiose 

engaged in the examination of metallic combinations. Illus. 12mo } 50 

DICE^ ^The Telescope and Microscope 45 

DBAWINO and Measuring Instruments. (Weale's series.) CO 

GUBLEY'S Manual. Illustrated 60 

HEATHEB'S Treatise on Mathematical Instruments. (Weale^s series.) 60 

HOGG. The Microscope, History, Construction, and Application 3 60 

HOABE. The Slide Bule, and How to Use it; containing full, easy, and sim- 
ple instructions to perform all business calculations with unexampled ra- 
pidity and accui'acy. By Chas. Hoare, C. E. With a slide rule in tuck of 

cover. London, 1868. 16mo. ( Weale's series.) . Flex, cloth 1 20 

EENTISH Box of Instruments and Slide Bule, or Guide to Ganger, Seaman, 

and Student 1 25 

LANKESTEB. Half Hours with the Microscope. By Edwin Lankester, M. D., 

F. B. 8. 18mo " Cloth 2 00 

OPTICAL Instruments. (Weale's series.) 60 

PLANE Table, and its use. U. S. Coast Survey 2 00 

PBOCTOB. Half-Hours with tlie Telescope. With illustrations. 12mo. Lon- 
don, 1868 1 00 

SLIDE Bule, and how to Use it. (Weale's sariea.) - 3 20 

SIMM'S Mathematical Instruments 1 75 

STANLEY. A Descriptive Treatise on Mathematical Drawing Instruments, 
their construction, uses, qualities, selection, preservation, and sugges- 
tions for Improvement; with hints upon drawing and coloring. By Wm. 

FordStanley. 1vol. 12mo. London. 1866 Cloth 2 60 

SUBVEYING and Astronomical luHtrument^. (Weale's series.) CO 

WABBEN'S Dranghtmau's Inatrumeutti 1 26 
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MISCELLANEOUS. 

friLEY*8 American Iron Trade Mannal of the leading Iron Indnatriea of tbe 

United States. Includes a deaerip^n of each Blast Furnace, BoU- 

ing-Mlll, Bessemer Steel, Cmcible Steel, Car and Car-Wheel, Loco- 

motive, Stove, Iron Bridge, Iron P^, and Iron Ship Works in the 

] country, with location, character of product, and capacity of each; 

' the whole arran^d by States. Also, a complete Directory of Uie 

y Sieam Engine and Machinery Works, Tool and Hardware Works, 

and Iron Foundries, and a Treatise on the Iron Ore Regions of the 

Country, giving Locality, Extent of Deposit, Character of Ore by 

Chemical Analysis, and Conunercial value of same. 4to, 760 pp., 

lUustrated Cloth |4 00 

BEATON. Quantities and Measurements. How to Calculate' and Take 

them. By Alfted C. Beaton. 1 vol. i2mo. (Weale^s series.) 00 

BOWDITOH'B American Practical Navigator. Washington, 1871 8 60 

*• Usetol Tables from above 126 

BUBOOTNB. BUisting and Quarrying of Stone, and Blowing up of Bridges. 

by Sir ^. Bnrgovne. (Weale's series.) 00 

«* Road-Making and Maintenance of Macadamized Roads. By 

Sir J. Buigoyne. (Weale's series.) : fO 

CLAY Lands and Loamy Soils. By J. Donaldson. (Weale's series,) 40 

COMBUSTION of Coal. (Weale»s series.) 1 20 

ECONOMY of Fuel. tWeale's series.) 60 

FARM Implements and Farm Machinery, by J. J. Thomas 1 60 

6UETTIER. Metallic Alloys ; being a Practical Guide to their Chemical 
and Physical Properties, their Preparation, Composition and Uses. 
Translated ih)m the French of A. Guettier, Engineer and Director of 
Foundries, author of " La Fonderie en France," etc., etc. By A. A. 

Fesquet, Chemist and Engineer. 1 vol. 12mo , a 00 

KEMP, Edward, on Landscape Gardening. Numerous Plates. 1 vol. 

12mo Cloth 260 
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It is the intention of the Publloher of this Series to issue them at intervals of about 
a month. They will be put up iu a uuifurm, ueat and attractive form, 18mo, faucy 
boards. Tlie subjects will be of au emiueutly scieutific character, aud embrace as 
wide a rauge of topics as possible, all of the highest character. Price 50 Cento 
£acli« 

1. -CHIMNEYS FOR FURNACE3. FIRE-PLACES, AND STEAM 

BOILERS. By R. Abmstrono, C. E. 
2.— STEAM BOILER EXPLOSIONS. By Zerah Oolburn. 

3. -PRACTICAL DESIGNING OP RETAINING WALLS. By 

Abthub Jacob, A. B. With Illastrations. 
4-.— PROPORTIONS OF PINS USED IN BRIDGES. ByCHABLES 

E. Benueb, C. E. With lUastrations. 
5.— VENTILATION OF BUILDINGS. By W. F. Butleb. With 

Illastrations. 

6 —ON THE DESIGNING AND CONSTRUCTION OF STORAGE 

RESERVOIRS. By Abthub Jacob. With Illustrations. 

7 —SURCHARGED AND DIFFERENT FORMS OF RETAINING 

WALLS. By Jambs S. Tate, C. E. 
8— A TREATISE ON THE COMPOUND ENGINE. By Johh 

TuBNBULL. With Illustrations. 
9^ — FUEL. By C. W. Siemens, to which is appended the Value of 

Artificial Fuels as compared with Coal. By J. Wobmald, C. E. 
10.— COMPOUND ENGINES. Translated from the French of A. 

MaIjLet. Illustrated. 
11.— THEORY OF ARCHES. By Prof! W. Ai.lan, of the Washmg- 

ton and Lee College. Illustrated. 
12.— A PRACTICAL THEORY OF VOUoSOIR ARCHES. By 

William Cain, C. E. Illustrated. 

13 -A PRACTICAL TREATISE ON THE GASES MET WITH 

IN COAL-MINES. By the late J. J. Atkinson, Government 

Inspector of Mines for tUo County of Durham, England. 
14- —FRICTION OF AIR IN MINES. By J. J. Atkinson, author 

of "A Practical Treatise on the Gases met within Coal-Mines. 
16 —SKEW ARCHES. By Prof. E. W. Hyde, C. E. lUustratod 

with numerous engravings, and three folded plates. 

16 -A GRAPHIC METHOD FOR SOLVING CERTAIN ALGE- 
* BRA£C EQUATIONS. ByProf. GeobgbL. Vose. Withlllnfi- 

trations. 

17 —WATER AND WATER SUPPLY. By Prof. W. H. Oobkeld, 

M. A, of the University College, London. 
1ft -SEWERAGE AND SEWAGE UTILIZATION. By Prof. W. 

H. CoBFiELD, M. A., of the University College, London. 
1 9._STRENGTH OF BEAMS UNDER TRANS^RSE LOADS. 

By Prof. W. Allan, author of " Theory of Arches.' With Hlus- 

trations. 
20 —BRIDGE AND TUNNEL CENTRES. By John B. MoMas- 

TEBS, C. E. With Illustrations. 

21. -SAFETY-VALVES. By Bichaed A. Bubl, C. E. With lUua- 

trations. 

For Sale by W. & L. E. GURLEY, 

Troy,J!f. T. 
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It is tbe intention of the Publisher of this Series to issue them Hi 
iutervals of about a month. They will be put up in a uniform, neat* 
and attractive form, 18mo, fancy boards. The subjects will be of an 
eminently scientific character, and embrace as wide a range of topics 
as possible, all of the highest character. 

Price, SO cents each* 

23.— HIGH MASONRY DAMS. By John B. McMaotbrs, C.R 
With Illustrations. 

23.— THE FATIGUE OF METALS under Repeated Strains, with 
various Tables of Results of Experiments. From the German 
of Prof. LuDwiG Spangenbero. With a Preface by S. H. 
Shreve, a, M, With lUuatrations. 

24.— A PRACTICAL TREATISE ON THE TEETH OF WHEELS, 
with the Theory of the Use of Robinson's Odontograph, By 
S. W. Robinson, Prof, of Mechanical Engineering, Illinois 
Industrial University. 

25.— THEORY AND CALCULATIONS OF CONTINUOUS 
BRIDGES, fly Manbfibld Merriman, CLE. With Illus- 
trations. 

26.-PRACTICAL TREATISE ON THE PROPERTIES OF CON- 
TINUOUS BRIDGES. By Charles Bender. C. E. 

27.— ON BOILER INCRUSTATION AND CORROSION. By J. F. 
Rowan. 

28.— ON TRANSMISSION OF POWER BY WJRE ROPE. By 
Albert W. Stahl. 

29.— INJECTORS : THEIR THEORY AND USE. Translated from 
the French of M. Leon Pouchbt. 

30.— TERRESTRIAL MAGNETISM AND THE MAGNETISM OF 
IRON SHIPS, By Prof. Fairman Rogers. 

31.— THE SANITARY CONDITION OF DWELLING HOUSES IN 
TOWN AND COUNTRY. By George E. Waring, Jr. 

32.— CABLE-MAKING FOR SUSPENSION BRIDGES AS EXEM- 
PLIFIJSD IN THE EAST RIVER BRIDGE. By Wilhelm 
Hildbnbrand, C. E. With Illustrations. 

33.— MECHANICS OF VENTILATION. By George W. Rafter, 
<5vil Engineer. 

34.— FOUND ATIONS. By Prof. Jxjleb GAiTDimD, O. B. Translated 
from the French, by L. F. Vernon Harcourt, M. I. C. E. 

35.— THE ANEROID, AND HOW TO USE IT. Compiled by 
Prof. George W. Plympton. Illustrated. 

30.— MATTER AND MOTION. By J. Ci.erk Maxwell. 
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COURSE OF STUDY. 

The Course of Study in Civil Engineering, set forth in the following 

grogramme, is a new and much improved one, differing from that 
itherto given in the Institute, by including Metallurgy and Free-hand 
Drawing, with special extensions of Chemistry, Physics, (Jeology, Nat- 
ural History, and several of the Practical Subjects. Hereafter all regu- 
lar members of the Institute will pursue this Course of Study, and the 
Degree conferred will be that of Civil Engineer. 

By the aid of these and other improvements which will be adopted, 
it is believed that the Institute can furnish the student of Civil Engi- 
neering witK facilities for the study of that subject much superior to 
those now offered by any other institution in this country. 

It should be stated, perhaps, that Civil Engineering is understood to 
include Mechanical or Dynamical Engineering, as well as Boad Engi- 
neering, Hydraulic Engineering, Bridge Engineering, etc. By refer- 
ence to the Programme of the Course of Study, it will be seen that the 
wants of the student of Mechanical Engineering have been anticipated, 
and as well provided for as could be possibly done. 

The studies of the first three years of the course have £or their object 
the establishment of a broad and substantial basis of disciplinary cul- 
ture — ^literaiy, scientific, and artistic. The studies^tiiHhesourth year 
are essentially practical and technicaL 

The studies of the course are designed to secure to all who have duly 
complied with the various re<juirements, — ^in other words, to its grad- 
uates— a Professional preparation, at once thorough and practical, for 
the following specialties of Engineering practice : — 

The location, construction, and superintendence of Public "Works, as 
Bailways, Canals, Water Works, etc.; the design, construction, and 
mauagement of Mills, Iron Works, Steel Works, Chemical Works, and 
Pneumatic Works ; the design and construction of Arch Bridges, Gir- 
der Bridges, and Suspension Bridges ; the design, construction, and 
use of Wind Motors, Hydraulic Motors, Air Engines, and the various 
kinds of Steam Engines ; the design, construction, and use of Machines 
in general, and the determination of their efi&ciency ; the survey of Elv- 
ers, Lakes, and Harbors, and the direction of their improvements ; the 
determination of Latitude, Longitude, Time and the Meridian in Geo- 
graphical Explorations, or for other purposes ; the selection and test 
of Materials used in Construction; the construction of the various 
kinds of Geometrical and Topographical Drawing. 

TERMS OF ADMISSION. 

Candidates fob Admission to Division D are thoroughly examined 
in the following subjects : 

Geography. 

English Grammer, including Spelling. 

Arithmetic, as treated in the higher text-books. 

Algebra, through Equations of the second Degree. 

Plane Geometry, first five books of Davies' Legendre's Geometr 
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These examinations are partly oral and partly written, including both 
the demonstration of principles and the working of examples. 

Adyaivoed Staitding. — Candidates for advanced standing are ezam«* 
ined in the preparatory studies, and also in the previous studies of the 
Division which they propose to enter. 

Age. — No one can be admitted to Division D, till he has completed 
his sixteenth year, nor to an advanced standing without a correspond* 
ing increase of age. 

Testimoniaia.— SatisfiBMstory testimonials of good moral character are 
in all cases required ; and those who are admitted from Colleges or 
other Scientific Schools, must present certificates of dismission in good 
standing. 

Young gentlemen desiring to attend the exercises in particular de- 
partments, without becoming candidates for De^ees, are allowed to do 
so, provided they have the requisite preparation for the study of the 
subject selected. 



InsUtuie Fees, — ^In the general course, the fees for instruction, use of 
astronomical and field instruments, use of consumable materials, chem- 
icals, etc., are $100 for each semi-annual session ; and in the partial 
course, they are in the same proportion for the time of stud^. These 
Fees must be paid to the Treasurer in advance for each session. The 
Graduation Fee, including the Diploma, is $18, and must be paid to 
the Treasurer at least two weeks before the time of graduation. There 
are no extra charges. 

Living Expenses. — Members of the Institute find board and lodgings 
with respectable private families in the city. The prices asked for suit- 
able board and fcunished lodgings vary, at ijie present time, from $6.00 
to $10.00 per week. The total expense of board, famished lodgings, 
laundry, &:es, lights, etc., varies from about $300 to $500forflie 
scholastic year. 

This well known School of the Natubal Sciences and of Civil En- 
GiNEEHma has just opened for the years 1874-6 with very fine promise. 

The Pbofessobships are well filled, and the incumbents of the differ- 
ent chairs have entered upon the duties of their departments with 
much zeal, and under very favorable auspices. The several Divisions 
are filling up, and the Preparatory Department embraces a respectable 
number of Students. 

Young gentlemen in various parts of the United States and the Cana- 
das, who contemplate taking a thorough coarse in the Natcbaii Scien- 
ces, and in the Higher Mathematics — and especially with a view to 
Mining ob Civil Enqineeeing, would do well to apply for the New 
Begister of 1874, that they msfy know more of the character and terms 
pf me Institute, and have the Cxtbbiculum before them. 

Application may be made to Chables Dbowne, C. E., Director ^ 
William H. Young, Treasurer^ 

JAMES FOBSYTH, 

President of R P. Institute. 
TaoY, June, 1876. 
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126 Commercial, corner Richmond Street, 

BOSTON, 
-Argents for Griarley's 

ENGINEERING AND SURVEYING 

IH8TEUMEKTS. 

Ain> IMPOBTEBS OF 

Hathematioal Instruments foi Drawing, Snryeying, and Oivil 

Engineering; Ohesterman's Steel and Oommon Measuring 

Tapes, Chains, Soales, Bnles, Field G-lasses, &o., &o. 

Partioular attention paid to the Adjustment A Bepairing of Instruments. 
Frederic W. Lincoln, Jr. Charles C. Hutchinson. 



. A TREATISE 

ON THE 

RESISTANCE OF MATERIALS, 

AND AN APPENDIX ON THE 

I 

PRESERVATION OF TIMBER, 
By prof. DEVOLSON WOOD, 

University of Michigan* 

This book contains the theorjr of the Strength of Materials, with 
Chapters on Tension Compression. Theories of Flexure and Rup- 
ture from Tranverse Stress, Shearing Stress, Tranverse Strength, 
Torsion Effects of Long-continued Strains and Shocks, and the Limits 
of Safe Loading for Mechanical Structures. 

One vol. 16mo., doth, pp. 248. Price $2.50, post paid. 

For Sale by W. & L. E. GURLEY, 

TROY, N. r. 



MANUAL OF LAND SUEVEYING. 

BY DAVID MURRAY, A.M., PH. D., 

Pr^tuor ^f Matktmatics and Attronamy in Ruigtrt CclUgf, 



One Vol., 12mo., $2.00. 



Ulustrated with full-page plates of Field Instraineiita and niuneroiu 

wood-cuts. 



CONTENTS : 

Intkoduction. 

Chapteb I. — ^Plane Trigonometry. 

Ghaf. U. — Measurement of Lines, Instruments, Methods, Ob- 
stacles. 

Chap. III. — ^Measurement of Angles, Description of Compaas. 

Transit and Theodolite, Uses and Adjustments. 

Chap. IV. — Inaccessible Distances, Problems of Heights and 

Distances. 

Chap. V. — ^Areas. How to Measure and Complete Land Areas. 

Chap. VI. — Compass Surveying. Field Work. Notes and Com. 

putations. 

Chap. VII. — ^Variation of the Needle. How to Determine. Chai!^ 

and Table. 

Chap. VUI.— Transit Surveying. Field Work, Notes and Com- 
putations. 

Chap. IX. — Laying Out and Dividing Land. 

Chap. X. — U. S. Public Land Surveying. Solar Compaas. 

Chap. XL— Plane Table Surveying. 

Chap. XII -Leveling. 

Chap. XTIT. — Subterranean Surveying. 

the volume also contains: 
A Table of Logarithms of Numbers. 
A Table of Logarithmic Sines, Tangents, etc 
A Table of Natural Sines, Tangents, etc. 
A Table of Latitudes and Departures. 

For sale by W. & L. K GURLET, 

TJROT. JV*. T, 



VOSE'S 

MANUAL FOR ENGINEERS. 

HAND-BOOK OF RAILROAD CONSTRUCTION. 

WITH PLANS, MAPS, ko. BY GEO. L. YOSE. 

New Edition. Price reduced. Oomplete in 
1 Volume, Price $12,S0, Postage Paid, 

This work, desired to meet a want long felt by Engineers in the survey and 
constmction of Railroads and their proper equipment, treats of the following: 

iNTBODTJcnoN. — Beconnalssance, Survey, Location, Laying out Work, Earth- 
work, Eockwork. Tunnels, Strength of Materials (Experimental data,) Strength 
of Materials, (Rules for Practice), Joints in Structures of Wood and Iron, Strams 
In Girders, Bridge Work, (Illustrations from Practice,) Bridge Work, ( General 
Remarks,) Draws, Trestles, Centres and Falsework, Foundations, Masonry, Super- 
structure, Locomotives, Cars, Wheels and Axles, Stations and Shops, Railway 
Management. 

The Appendix contains the following papers, many of them quite fbU: I. Ex- 
planation of Algebraic Signs; II. Weights of Materials; III. Tables of Grades 
and Curves; IV. The Wire Gauges and Whltworth^s Screws; V. Phoenixville 
Wrought Iron Columns; VI. On the so-called *• Crystalization »' of Wrought 
Iron; VII. Testing Iron by Magnetism; VIII. Kirkaldy's Conclusions regarding 
Iron and Steel; IX. Specification for Rails; X. Specification for Iron Bridges; 
XI. Specification for a Locomotive Engine; XII. General Specification for a 
Railroad; XIII. Resistance from Curves upon Railways; XIV. Relation between 
Grades with and against Traffic; XV. Efi'ect of Grades on the Capacity of Rail- 
ways; XVI. B. H. Latrobe on the adaptation of Locomotive Power; XVII. Scour 
of the Mississippi River; XVIII. Caissons for the St, Louis Bridge: XIX. Narrow 
Gauge Railways; XX. Relation of Railways to the State. 

The work is illustrated by 165 wood cuts, besides the following 31 plates: 

1. Location of parts of the Pennsylvania and Balti- 
more and Ohio Railroads, and plan of part of a location made for the ConnelsvlUe 
and Southern Pennsylvania Railway, by R. B. Lewis, Esq.; 2. Location of the 
Union Pacific Railway east of Aspen Summit; 3. Location of Central Pacific Rail- 
way ftom Summit Valley to Truckee River (eastern slope of the Sierra Nevada); 
4. Location of Portland and Ogdensbnrgh Railway through the Crawford Notch 
of the White Mountains; 5. Numerous plans for small bridges; 6. Howe Bridge of 
Wood; 7. 300 feet span Howe Bridge, with iron lower chord, by Fred. H. Smith 
(Baltimore Bridge Co.); 8. Vermilion River Bridge, by Detroit Bridge and Iron 
Co.; 9. S. S. Post's Bridges; 10 and 11. Fink's Triangular Bridges; 12. Green River 
Bridge; 13. Barren River Bridge; 14. Tygart's Valley Bridge, Baltimore and Ohio 
Railway; 15 and 16. 400 feet span of the Louisville Bridge; 17. Mt. Union Bridge; 
18. Juniata No. 5 Bridge (the last two being on the Pennsylvania Railway;) 19. 
Bellman's Bridge; 20 and 21. Clarke, Reeves, & Co.'s Iron Bridges; 22. Detroit 
Bridge Co, '8 Bridges; 23. Canestota Wrought Iron Lattice Bridge; 24. Various 
Forms of Compression Numbers and Draw Bridges; 26. Large Draw Bridges; 26. 
Lyon Brook Wrought Iron Trestle; 27. Piers of Kansas City, Quincy, Havre de 
Grace, Albany, Louisville, and Victoria Bridges; 28. Rails, Chairs, Frogs, Switches; 
29. Baldwin Locomotive Co.'s Eight- Wlieeled Passenger Engine; SO. "Mogul''; 
and 31. Baldwin Co.'s Ten-wheeled Freight Engine. 

The above material has in all cases been obtained from the original sources, 
and is accompanied by very fUll descriptions in the loxt. The olqect has been 
throughout to present to the engineer works of tried iind approved merit, and to 
deal not less with those practical details upon which safety and strength depend, 
than with the general forms and arrangements of materials: and thus to furnish 
a manual, valuable at once to the practical engineer and to the engineering 
student. 
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THE ONLY WORK OF THE KIND IN THE ENGUSH LANGUAGE. 



A 
GENERAL CLASSIFICATION 

OP 

miLWIlY RIGHIS, REHLTIES AND PERSOIIIILTIES ; 

ILLUSTRATED BY THE 

INDICES USED IN THE PREPARATION OF THE FOLIO COPY 

OF THE 

INVENTORY OF THE ESTATE OF THE ERIE RAILWAY COMPANY. 

TOGETHER WITH SPECIMENS OP 

20 of the 325 Printed Forms used for Describing the Property. 

AND A DETAILED ACCOUNT OP THE 

PRINCIPLES AND METHODS FOLLOWED IN THE 
EXECUTION OF THE WORK. 

BY 

GEORGE T. BALCH, C. E., 

Oom^sr of th« InreDtory of Um Estate of the Erie Railway Co. under ih» Reeelvershlp of 1876-79. 



ONE rOJjJJME FOLIO, 200 IMAGES, - - ritlCE, $5,00. 



« 



To the student of Railway organization and administration, to Railway 
Boards about to sell or lease such property, and to Railway officers of every 
grade who desire to avail themselves of all the information attainable on the 
subject, this work is indispensable ; embodying as it does an experience of 
three years in describing an estate valued at over ninety millions of dollars. 

The practical instructions for taking the inventories incidental to the current 
business of Railways as given in the forms, will alone save many times the cost 
of the book. 

BRIEF OF CONTENTS OF PREFACE. 

Difficulties attending the preparation of an Inventory of Railroad property. Three essential 
pre-requisites to completeness and accuracy. General classification of all Railway Estates suited 
to anv form of organisation. The uniform methods of enumeration, description, and valuation 
necessary, are best attained by the use of printed blank forms. Description or the four kinds used 
in the Erie Inventory. Business management of ihe undertaking : nature of the personnel to be 
entrusted vrtth the work, and time required to perform it. Preparations to be made by the Officer 
in general charge of the duty. Organization of ihe olflce and field force. Practical application of 
the methods recommended, as illustrated by the Inventory of the " Roadway, Metalling and Fix- 
tures '' and that of the " Telegraph Instruments, Machinery, Material and Tools," as taken on the 
Erie Railway, September 30, 1876. Statistics in regard to the cost of the Erie Inventory. Natui e 
and extent of the completed records, summary of work accomplished. General remarks on the 
proper treatment of subordinates. Popular errors regarding the character of the descriptive 
records of property preserved by American Railway corporations. No Inventory of the estate of 
the Brie Railway, worthy of the name, ever prepared prior to the one here described. History of 
the Inventory of Buildings owned by the Erie Railway Company and those owned by Tenants- at- 
will. Example of the different results obtained under similar circumstances by using the ordinkry 
method of procedure, and that 'lero advocated. Ooncludiaff remarioB. 
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ENGINEERING STUDENTS. 

Containing the Rules and Tables needed for the Location, Construction, and 

Equipment of Railroads as built in the United States. By GEORGE 

L VOSE, Professor of Civil Engineering in Bowdoin College. 

Complete in i vol. crown 8vo, 553 pp., with 165 

woodcuts and 31 folding plates. New 

revised edition. 1878. 

'*It will prove to be the best treatise of a practical character that has yet been 
published, both in its text and its illustrations. It is exceedingly thorough and well 
arranged."— Bbnj. H. Latrobe, Consulting Engineer. 

" The book is in the highest degree creditable to both the author and publishers, 
and cannot fiiil to be a ^reat success. It is the most complete work of its class with 
which I am acquainted?'— John C. Trautwinb, Civil Engineer. 

** I have examined the book with considerable care, and think it a work of great 
useAiluess, and one which cannot fail of being a fiivoriie with engineers."— Jab. B. 
Eads, Chitf Engineer, Illinois and St. Louis Bridge Company. 

** This mass of valuable information is digested and arranged with great care 
and pains. The amount of labor in such a work none but an engineer can appre- 
date. It is thoroughly well done."— O. Chanutb, Chief Engineer, Erie Railway, 
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or 



GrEOMETRIOAL DrAWING. 

TJontaining Problems on the Right Line and Circle, Conic Sections and other Curves ; 
the Projection, Section, and Intersection of Solids ; the Development of Suribces, 
and Isometric Perspective. One vol. fol., 38 plates. 



